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Jolin  Stark,  a  veteran  in  the  crnshed-stone  industry,  operates 
six  limestone  (jnarries  in  the  southeastern  corner  of  Kansas. 
He  uses  a  portable  plant  to  crush  and  wash  the  blasted  stone 
at  each  of  his  (juarrv  properties  until  ade(juate  stockpiles 
of  various  sizes  of  limestone  are  accumulated. 

Although  some  of  the  quarries  are  60  miles  apart,  the 
work  of  dismantling,  loading,  nun  ing,  and  reas.sembling  the 
plant  ecjuipment  recpiires  a  remarkably  short  time— from 
two  to  six  dav's  depending  on  the  distancx*  of  the  move. 

The  deposits  in  the  Stark  (juarries  are  principally  Fort 
Sc-ott  limestone.  After  a  7-ft.  overburden  is  removed  with  a 
(]at  dozer,  3/»-in. -diameter  holes  are  drilled  16  ft.  dt*ep  into 
the  limestone,  in  staggered  rows.  They  are  loaded  with  a 
combination  of  Gelamite®  1  and  Herc-ol*  powder  on  a  ratio 
of  0.85  to  0.95  Ih.  per  cn.  vd.  of  solid  material.  Results  from 
blasting  are  consistently  satisfactory. 

More  complete  details  about  this  unusual  business  enter¬ 
prise  are  presented  in  the  article  beginning  on  page  71. 

o  o  o 

To  spt*ed  up  the  work  details  in  dri\  ing  raises  in  the  Green¬ 
wood  .Mine  of  Inland  Steel  Gompanv  at  Ishpeming,  .Michi¬ 
gan,  the  mine  management  decided  to  ha\  e  a  3-in. -diameter 
hole  drilled  up  the  center  of  a  rai.se.  This  hole  pros  ided  a 
means  for  hoisting  staging  and  drilling  materials  and  elimi¬ 
nated  hand  hoisting.  .Also,  it  was  utilized  as  a  relief  hole 
in  a  burn-cut  round. 

The  bnrn-cut  round  included  the  relief  hole  in  the  center 
and  outside  holes  on  the  perimeter  of  a  4-ft.  circle.  Six  other 
holes  were  12  in.  from  the  burn-cut  holes.  Each  hole  was 
loaded  with  Gelamite  1  primed  with  a  Hercules®  Delav 
Electric  Blasting  Gap.  The  loading  ratio  was  25  lb.  per  1  ft. 
of  raise.  Results  were  excellent. 
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Views  and  opinions  expressed  by  the  authors  of  articles  in  this  publication 
are  their  own,  and  they  do  not  nec*essanly  represent  those  of  the  publisher. 


For  a  factual  summary  of  the  procedures  followed  plea.se 
turn  to  page  77. 

o  o  o 

.A  granite  (juarrv  near  Hender.son,  North  Carolina,  has  been 
in  almo.st  constant  ojieration  since  its  ojiening  in  18.3.5.  using 
the  bench  method  of  drilling  and  blasting.  When  the  jires- 
ent  ojierator,  Cirevstone  Granite  Quarries,  Inc.,  took  o\er 
tlie  (juarr\’  in  .Ajiril,  1944,  it  was  decided  to  discontinue  the 
bench  method  and  to  blast  sections  of  the  entire  (juarrv  face 
at  one  time.  The  height  of  the  face  ranges  from  167  to  172  ft. 

.An  e.xamj;>le  of  CJrevstone’s  jiresent  method  of  blasting 
shows  14  holes,  6  in.  in  diameter,  drilled  on  18  to  23-ft. 
centers.  The  sjiacings  varied  because  of  irregularities  in  the 
face.  The  holes  were  loaded  with  a  combination  of  exjilo- 
sives  charges  consisting  of  Kanex®  2-H  and  Tritex®,  and  the 
blast  was  fired  with  a  Titan*  Blaster,  h'xcellent  results 
were  realized. 

-A  resumt*  of  the  acti\  ities  of  this  j)rogressi\e  crushed- 
stone  organization  is  gi\  en  in  the  article  on  jiage  81. 

o  o  e 

One  of  the  most  courageous  feats  in  World  War  1 1  was  the 
cajiture  of  the  bridge  across  the  Rhine  River  near  Remagen, 
Germany,  by  a  small  detachment  of  .AnuTican  tnHijis  in  the 
face  of  desperate  enemy  attemjits  to  blow  it  up. 

The  German  .Armv  had  made  careful  jilans  for  demolish¬ 
ing  the  bridge.  The  (juick  work  of  the  .Americans  in  foiling 
these  jilans  j>ro\ide.s  interesting  material  in  the  use  of 
exjYlosives,  both  from  a  tactical  and  a  technical  standjioint. 

For  more  facts  about  the  heroic  actions  of  onr  troojis  at 
Remagen  bridge  on  March  7,  1945,  jilease  turn  to  jiage  88. 

•Hercules  Trademark 


SPEED...POWER... 


GARDNER-DENVER 


A  5  Vi'  hammer  wallop.  Here’s  deep  hole  drilling  power  in  a  class  by  itself. 
Gardner- Denver  DH143  fills  the  rock  drill  gap  between  wagon  drill  and  rotary  rig. 
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DEEP  HOLE  PUNCH 
BLAST  HOLE  DRILLS 


New  mobility  in  an  old  quarry  fav¬ 
orite.  This  new  deluxe  model  of 
"Air  Trac”®  provides  complete 
power  positioning  for  all  vertical, 
horizontal  and  flat  lifter  holes  from 
centralized  controls. 


Air  power  for  all  drills.  And  plenty 
of  it  when  you  put  water-cooled, 
all-weather  Gardner- Denver 
rotary  portables  on  the  job.  Five 
models  from  125  to  900  cfm. 


Long-life  drill  steel.  Gardner-Denver  sec¬ 
tional  rods,  couplings,  ring  seal  shank  .  .  . 
cut  drilling  costs  .  .  .  reduce  steel  break¬ 
age.  Carburizing  produces  hard  case  .  .  . 
soft,  tough  core  structure.  Shot-peening 
increases  fatigue  resistance. 


In-the-hole  power  for  rotary  rigs.  New, 
hard-hitting  Gardner-Denver  "Mole- 
Dril”*  rides  with  bit  through  rock,  de¬ 
livers  more  foot-pajunds  of  energy  to  the 
bit  than  any  other  drill  of  its  size. 

♦Trade-Mark 


ENGINEERING  FORESIGHT— PROVED  ON  THE  JOB 

IN  GENERAL  INDUSTRY,  CONSTRUCTION,  PETROLEUM  AND  MINING 


Gardner-Denver  Company,  Quincy,  Illinois 
In  Canada:  Gardner-Denver  Company  (Canada),  Ltd.,  14  Curity  Avenue,  Toronto  16,  Ontario 
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Clyde  Evarts  Weed 

CHAIRMAN  OF  THE  BOARD 

I'HE  ANACONDA  COMPANY 


A  Biography 


CLYDE  EVARTS  MEED,  chairman  of  the  board  of  The 
Anac-onda  (Company,  is  recognized  as  one  of  the 
world’s  outstanding  mining  executives.  For  more 
than  forty  years,  he  has  gi\en  freely  of  his  technical  and 
administrative  abilities  to  one  of  the  most  important  aspects 
of  our  economv,  thereby  contributing  substantially  to  the 
national  stabilitx’  and  welfare.  His  personality,  energy,  and 
knowledge  have  inspired  many;  his  achievements  have 
enabled  his  fellow  men  to  live  richer,  more  satisfying  lives. 

Cdvde  was  born  .\ugust  8,  1890,  in  Moorestown,  .Missauke 
Countv,  Michigan,  the  son  of  Herbert  Moores  and  Emma 
( \’an  .\iken )  W  eed,  .\fter  completing  the  courses  at  grade 
schools  in  Petries  ille  and  belles  ue,  .Michigan,  and  at  belle- 
s Tie  High  School,  he  svent  to  Michigan  .Agricultural  College, 
nosv  Michigan  State  Universitv.  .At  the  enil  of  the  fresh¬ 
man  year  Clyde  took  a  job  as  a  surveyor’s  helper  svith 
Burt  Portland  Cement  Company  in  Belles  ne  in  the  building 
of  a  plant.  .After  a  sear  svith  the  surseying  cresv,  he  matric¬ 
ulated  at  .Michigan  College  of  .Mining  and  Technology  in 
Houghton,  and  svas  graduated  in  1911  svith  B.S.  and  E..M. 
degrees. 

S(M)n  after  graduation,  Clyde  began  his  career  in  the 
mineral  indnstrv  bv  taking  a  job  as  a  miner  in  Calumet  & 
Hecla’s  Superior  mine  in  Houghton.  Tsvo  sears  later,  he 
became  mine  superintendent  for  A’ictoria  Copper  .Mining 
Company  in  Ontonagon  County,  .Michigan.  This  move  svas 
follosved  by  a  succession  of  jobs  svithin  the  industrs';  1915- 
1917,  superintendent.  Lake  Copper  Companv,  Ontonagon 
Countv,  Michigan;  1917-1920,  manager,  Hancock  Consoli¬ 
dated  Copper  Company,  Houghton  County,  .Michigan; 
1921-192;3,  foreman.  Live  Oak  Division,  Inspiration  Consoli¬ 
dated  Copper  Company,  .Miami,  .Arizona;  1924-1929,  as¬ 
sistant  manager  of  Inspiration’s  operations  in  Miami,  .Ari¬ 


zona;  1930-1935,  general  manager,  Cananea  Consolidated 
Copper  Company,  Cananea,  Sonora,  Mexico;  1935-1938, 
president  and  general  manager  of  Cananea  in  Mexico; 
1938-1942,  general  manager  of  mines.  The  .Anaconda  Com¬ 
pany;  1942-1952,  vice  president  in  charge  of  .Anaconda’s 
mining  operations;  1952-1956,  vice  president  in  charge  of 
all  .Anaconda  operations;  1956  to  .April  24,  1958,  president 
of  The  .Anaconda  Companv;  .April  24,  1958,  to  date,  chair¬ 
man  of  the  board  of  The  .Anaconda  Company. 

.Mr.  W'eed  is  also  chairman  of  the  board  and  a  director 
of  .Andes  Copper  Mining  Company;  Chile  Copper  Com¬ 
pany;  Chile  Exploration  Company.  He  is  president  and  a 
director  of  Butte,  .Anaconda  and  Pacific  Railway  Companv; 
Creene  Cananea  Copper  Companv;  International  Smelting 
and  Refining  Company.  He  is  a  director  of  The  .American 
Brass  Companv;  .Anaconda  .Aluminum  Companv;  .Anaconda 
•American  Brass  Limited;  .Anaconda  Sales  Companv;  .Ana¬ 
conda  W’ire  and  Cable  Companv;  Chile  Steamship  Com¬ 
panv  Incorporated;  Potrerillos  Railwav  Companv;  Cuar- 
anty  Trust  Companv  of  New  A’ork. 

He  is  president  and  a  director  of  C’oppiT-  In.-ititute;  \  ice 
president  of  Lb  S.  Copper  .As.sociation;  a  director  of  Ameri¬ 
can  .Mining  Congress;  a  regular  member  of  the  National 
Industrial  Conference  Boanl;  and  a  member  of  .American 
Institute  of  .Mining,  .Metallurgical,  and  Petroleum  Engin¬ 
eers. 

.Mr.  W  eed  has  taken  an  acti\e  interest  in  Cnited  Cere¬ 
bral  Palsv.  He  serx  ed  as  co-chairman  of  its  annual  National 
Fund  .Appeal  in  1957,  and  is  the  chairman  of  the  19.58 
fund  drive. 

His  clubs  include  Tau  Beta  Pi  Fraternity;  India  Hou.se. 
Lbiiversitv,  River,  and  .Mining  in  New  Aork  C'itv;  Sleepy 
Hollow  C’ountrv  in  Scarborough,  .New  A  ork;  Cdo\  e  A’allev 
Rod  and  Gun  Chib,  La  Crangexille,  New  York;  Butte 
Country  in  Butte,  Montana;  and  Cat  Kev  in  (’at  Kav, 
Bahamas. 

In  1946,  Mr.  Weed  was  honored  bv  Michigan  C.'ollege  of 
.Mining  and  Technology  with  the  award  of  the  honorary 
degree  of  Doctor  of  Engineering.  In  19.51,  he  was  awarded 
the  W  illiam  Lawrence  Saunders  .Medal  bv  the  .American 
Instiiute  of  .Mining,  .Metallurgical,  and  Petroleum  Engin¬ 
eers;  in  1955,  he  received  the  .Michigan  State  Universitx 
Centennial  .Award;  in  .March,  19.57,  the  Ciovernment  of 
Chile  bestowed  on  him  the  “Order  of  .Merit  (Jeneral  Ber¬ 
nardo  O’Higgins,”  in  the  rank  of  Knight  Caimmander;  in 
June,  1957,  he  was  honored  with  the  .Award  for  Distin¬ 
guished  Serxice  .w  the  Michigan  State  LTiiversitv  Alumni 
C'lub  of  W’a.shington,  D.  C. 

Clyde  Evarts  Weed  married  .Marv  Morrison  in  1917. 
They  had  one  .son.  Herbert  .Morrison  W’eed.  Folloxving  the 
death  of  his  first  xvife,  Mr.  Weed  married  .Albertine  .Milan 
on  June  17.  19.30,  in  Cdn'cago.  The  family  home  is  at  Rixer 
House,  4.35  East  .52nd  Street,  Nexv  AOrk  C.'itv. 

W’hen  time  and  opportunity  permit,  C.'lxde  finds  relaxa¬ 
tion  in  the  great  outdoors  — hunting,  fishing,  and  plaving 
golf  xvith  his  friends. 


Tm;  guiding  of  Thk  ExPLosivts  Enc'.inkkb  hv  the  head,  heart,  and 
hand  of  Joseph  I,  Horty  concludes  with  this  issue.  Jix*  Horty  is 
retiring  after  a  career  with  Ifercnles  Powtler  C’oinpany  that  stretches 
hack  more  than  fortv-two  years  —  all  in  the  industrial  explosives  area 
of  the  company’s  business. 

Eight  from  the  start  of  his  work  with  commercial  explosives,  Joe 
was  out  in  the  field,  selling  and  servicing,  getting  to  know  the  people 
who  use  tlvnamite:  learning  their  needs,  their  problems,  learning 
what  would  help  them  most. 

W  hen  in  194-3  Joe  was  selected  as  editor  of  Thk  E.\Pi.osivr:.s  Engi- 
NKKK.  he  had  accnmnlated  a  wealth  of  experience  in  explosix  es  tech¬ 
nology.  More  important,  he  was  not  an  unknown  editor  wiiting  for 
an  unknown  group  of  readers;  he  was  a  practical  explosives  man.  well 
known  to  many  of  his  readers,  editing  a  publication  for  people  he 
knew  and  whose  needs  he  knew.  From  this  experience  was  distilleil 
a  distinct,  readable  editorial  style  that  can  come  only  from  thorough 
knowledge.  The  acceptance  accorded  Thk  Explosivks  Enginkkh 
during  the  fittwn  years  of  J(K'’s  editorship  attests  that  his  nnderstaiul- 
ing  of  explosi\es  as  a  force  for  the  benefit  of  mankind  was  used  to 
excellent  ad\  antage. 

Without  doubt  many  of  yon  who  read  Thk  Expi.osivks  Engixkkr 
will  join  with  Jw  Hortx’s  associates  in  Hercules  in  wishing  him  the 
long  and  happy  period  of  retirement  that  he  has  .so  well  earned. 


THE  E  X  P  I.  ()  S  I  N  E  S  ENGINEER  DEVOTED  TO  I  N  C  R  E  .4  S  1  N  G  E  F  F  I  G  I  E  N  C  Y  .4  N  D 
S  4  F  E  T  Y  IN  THE  MINING,  Q  I  4  R  R  Y  I  N  G ,  4  N  D  CONSTRUCTION  INDUSTRIES 

Editorial 


A  rix-ent  report  of  the  Institute  of  .Makers  of  Explosixes 
of  the  injuries  to  children  from  playing  or  tinkering  with 
blasting  caps  makes  disheartening  reading.  These  statistics 
would  make  disheartening  reading  if  only  one  boy  or  girl 
were  injured.  We  know  that  the  number  of  blasting  cap 
accidents  to  children  when  compared  with  the  c-onsumption 
of  explosis  es  and  with  the  total  number  of  children  makes 
a  somewhat  better  showing. 

(.'hildren  injured  per  million  pounds  of  explosives  pro- 
ductxl  hax  e  declined  for  a  number  of  years.  So,  t(X),  the 
number  injured  per  million  children  in  the  age  group  under 
consideration,  up  to  the  age  of  16,  has  declined.  These 
ratios  have  dtx'lined  by  \irtue  of  the  steady  increa.se  in 
explo.si\  es  consumption  and  the  sharp  increa.se  in  the  pop- 
idation  in  the  lower  age  groups.  There  is  small  consolation 
in  these  relatix  e  decreases.  e\en  though  they  do  reflect  the 
efforts  made  to  reduce  the  number  of  children  hurt. 

Statistics  to  the  average  person  are  dull  and  uninteresting 
facts  and  figures.  But  if  you  read  the  detailed  store  behind 
each  accident,  the  statistics  in  the  report  take  on  serious 
meaning.  Then,  behind  the  numbers,  you  can  \  isualize  how 
many  children  will  never  play  baseball  because  blasting 
caps  mangled  hands  or  blew  off  fingers.  Some  youngsters 
won’t  kick  footballs  becau.se  caps  ha\e  shattered  ankles. 
■Mso,  behind  the  statistics,  you  can  reflect  on  how  many 
boys  and  girls  will  have  to  learn  to  read  with  their  fingers 
because  blasting  caps  blinded  them. 

The  statistics  are  children— children  wdio  before  their 
accidents  were  healthy,  adx  enturous  boys  and  girls  — normal 
American  youngsters  with  a  zest  for  lixing. 
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For  many  years  the  Institute  of  Makers  of  Explosives  has 
directed  a  ne\er-ending  campaign  to  prevent  these  pitifid 
accidents  to  children.  It  designed  and  distributed  the  ma¬ 
terials  to  carrv'  the  warnings  to  the  children  of  the  nation 
and  to  the  users  of  blasting  caps.  In  these  efforts  to  warn 
the  children,  the  Institute  has  had  the  wholehearted  assist¬ 
ance  of  many  agencies  working  with  our  youth.  The  schools 
and  school  teachers,  the  Boy  Sex^uts  and  Girl  Scouts,  the 
Future  Farmers  and  4-H  Clubs,  the  police  chiefs,  sheriffs, 
and  firemen,  the  newspapers,  radio,  and  television  stations, 
and  many  others  have  gixen  freely  of  their  time,  their 
energy,  and  their  facilities  to  carry  this  warning.  Indeed, 
it  can  be  said  that  without  the  assistancx*  of  the  people  who 
work  with  bovs  and  girls  and  the  communications  media 
of  our  cx)untrv,  no  significant  progress  could  have  been 
made  in  the  reduction  of  injuries. 

Similarly,  the  Institute  has  abvavs  had  splendid  cooper¬ 
ation  from  mining,  (juarrying,  and  contracting  companies 
who  use  large  (juantities  of  blasting  caps.  Invariably  these 
companies  have  cautioned  their  employes  to  keep  their 
blasting  caps  out  of  the  wav  of  children,  with  the  result 
that,  considering  the  large  number  of  caps  used  by  these 
heavy  consumers,  few  acx-idents  have  been  traced  to  them. 

Despite  these  efforts,  carried  out  over  the  years  with 
ever-mounting  vigor,  children  continue  to  be  injured  from 
playing  with  blasting  caps.  To  meet  this  situation,  we 
should  dedicate  ourselves  anew’  to  the  task  of  presenting 
these  accidents.  We  must  seize  every  opportunits’  to  carry 
this  warning  to  the  children,  and  win  the  cooperation  of 
es  ervone  who  uses  explosives. 
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Portable  Plant  Orusbes  Limestone 
In  Six  ICansas  Quarries 

An  unusual  cycle  of  operations  averages  a  daily  production  of 
1,600  to  2,000  tons  of  prepared  stone  to  supply  a 
wide  variety  4»f  customers 


LEW  IS  NORDYKE 


Tiikrk  used  to  he  an  old  saving  to 
the  effeet  that  when  a  settler  in 
Kansas  was  droughted  out,  or  grass- 
hoppered  out,  all  he  had  to  do  to  head 
for  a  new  location  was  load  his  wife 


•F.  ().  Box  8075 
Amarillo,  Texas 


and  kids  in  the  wagon  and  call  the  dog. 
It  is  about  as  simple  as  that  for  John 
Stark  to  move  his  stone-crushing  plant. 
John  blasts,  e.xcavates,  and  crushes 
limestone  in  his  si.\  (juarries  in  south¬ 
eastern  Kansas  and  converts  it  into  a 
number  of  usefid  products. 


Stark,  a  \  eteran  in  the  crushed-stone 
business,  operates  in  (.'rawford,  lai- 
bette,  and  Cdierokee  Camnties,  using  a 
portable  plant.  Rather  than  maintain 
an  expt'iisixe  permanent  installation  at 
each  of  his  (juarries,  he  has  one  string 
of  mechanical  ('(jnijmient  that  is 


STARK’S  PORTABLE  PLANT:  This  is  the  portable  plant  in  which  John  Stark  produces  various  sizes  of  crushed  and  washed  limestone  at  his 
six  quarry  properties  in  southeastern  Kansas.  The  plant  is  moved  from  (juarry  to  quarry  as  the  demand  for  the  finished  products  dictates. 
.\lthough  some  of  the  quarries  are  60  miles  apart,  the  details  of  dismantling,  loading,  moving,  and  reassembling  the  plant  equipment  for 
work  are  accomplished  in  from  two  to  six  days,  depending  on  the  distance  of  the  move. 
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STRIFFINC  ON'ERBl’RDEN:  Before  a  round  of  blast  holes  is  drilled  in  the  Stark  quarries,  an  overburden  of  clayey  soil  averaging  7  ft.  in  depth 

is  stripped  from  the  limestone  deposit  with  a  Caterpillar  D-7  bulldozer. 


from  pit  to  pit  as  business  re- 

(piires. 

Stark's  limestone  procluets  are  used 
in  hiijlnvav  eonstruction.  in  readv-mix 
c-onerete  plants,  for  agricultural  pur¬ 
poses.  for  filter  nnk.  and  chips.  Anv 
one  of  five  of  his  six  (juarries  has  a  suf¬ 
ficient  dejM)sit  of  stone  to  serve  his 
trade.  But,  the  cost  of  hauling  the 
finished  products  over  a  wide  territory’ 
makes  the  use  of  a  single  pit  an  eco¬ 
nomic  imjyossihilitv.  So,  he  hauls 
etpiipment  rather  than  rock. 


Here  is  an  example  of  how  this  port¬ 
able  business  works:  Stark  sets  up  at 
the  Curard  (^uarrv  in  Crawford 
(anmtv.  He  blasts  the  nK'k,  crushes 
it,  and  strx'kpiles  enough  of  each  size 
to  last  .several  months.  Then  he  moves 
to  another  rpiarrv  and  repeats  this  pro- 
codure.  He  continues  the  program 
until  all  six  of  his  pits  are  stockpiled, 
after  which  he  starts  the  work  cvcle 
all  over  again.  Usually,  each  stockpiled 
<piarrv  is  open  two  to  six  davs  a  week 
with  a  man  at  hand  to  weigh  out  the 


rcK’k  for  customers.  In  this  way,  the 
hauls  to  users  are  short. 

.\nvone  who  needs  lime  or  crushed 
limc'stone  is  a  potential  customer  for 
.Stark.  His  operations  produce  from 
l.fXX)  to  2,(KK)  tons  of  material  each  dav. 

Operations  in 
Southeastern  Kansas 

The  c-ounties  in  which  Stark  does 
business  are  in  the  southeastern  corner 
of  the  state,  bordering  on  Missouri  and 
Oklahoma.  This  section  is  apart  from 


TYFIC.4L  0U-4RRY  F.\CE:  The  rock  formation  is  principally  Fort  Scott  limestone  that  averages  a  height  of  16  ft.  The  clean,  uncluttered 
quarrx  working  faces  and  floors  contribute  to  uninterrupted  operating  procedures  and  safe  working  conditions. 
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DRILLING  BLAST  HOLES:  A  two-man 
crew  with  a  Joy  400  unit  drills  3l2-in.-diam- 
eter  blast  holes  16  ft.  deep  in  staggered  rows. 
The  rows  are  7  ft.  apart.  The  usual  drill 
round  in  Stark  quarries  comprises  four  to  five 
rows,  each  with  about  seven  holes  per  row. 

the  state’s  noted  prairie  region.  It  is  a 
wooded  corner  near  the  edge  of  the 
Missouri  Ozarks.  Aside  from  a  few 
ridges  and  streams,  such  as  Lightning 
Creek,  the  terrain  is  generally  level, 
and  scattered  over  a  wide  area  are 
some  might)'  mounds,  the  tailings  of 
lead  and  zinc  mines,  and  the  piled-up 
overburden  from  coal  strip  mines.  This 
has  long  been  an  active  mining  area. 
Coal  production  built  such  wide- 
streeted,  substantial  towns  as  Pitts¬ 
burg,  Kansas,  the  largest  community 
in  tlie  immediate  \  icinity.  Some  great 
mining  companies,  such  as  Sinclair 
('oal,  had  their  start  in  the  long  ago  at 
Pittsburg.  Not  far  away  is  Joplin,  Mis¬ 
souri,  the  c'enter  of  the  mining  industrv 
for  ages.  Between  Pittsburg  and  Jop¬ 
lin  some  especially  large  c-oal-stripping 
operations  are  located. 

Incidentally,  the  tailings  at  some  of 
the  mines  in  the  area  make  the  hard- 
surfacing  material  business  e.xtremely 
competitive.  Excellent  chat  is  avail¬ 
able  in  the  old  tailings,  and  it  is  cheap. 
But,  the  exist  of  hauling  is  the  impor¬ 
tant  factor.  This  is  another  reason  whv 
Stark  worked  out  a  portable  operation: 
he  had  to  make  it  cheaper  for  his  cus¬ 
tomers  to  hard  rock  comparatixely 
short  distances  than  to  have  to  haul 
mine  tailings  greater  distances. 

Topography 

The  general  area  has  an  elexation 
ranging  from  9(K)  to  1,(KX)  ft.  above 
sea  lexel.  The  annual  rainfall  is  from 
35  to  45  in.  W’eather  is  only  a  minor 
factor  in  the  operation  of  the  quarries 
—a  heavx'  rain  or  storm  may  close 
doxvn  the  xxork  for  a  short  time.  But, 
xveather  is  a  factor  of  major  impor¬ 
tance  in  the  agricultural  xvell-being  of 
the  region.  This  is  good  farming  cx)un- 
trx'.  It  produces  xvheat,  corn,  oats. 


LOADING  EXPLOSIVES:  After  the  drillins 
is  completed,  each  hole  is  inspected  for  water 
and  pockets.  Then  the  charges  of  Gelamite  I 
and  Hercol  free-flowing  powder  are  loaded, 
using  a  loading  ratio  of  0.85  to  0.95  lb.  per 
cu.  yd.  of  rcK'k  in  place. 
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soybeans,  sorghums,  other  held  crops, 
and  a  sizable  number  of  beef  cattle.  It 
also  has  a  g<M)d  deal  of  poultry  pro¬ 
duction. 

The  soil  is  of  the  type  that  needs  an 
occasional  shot  of  lime.  In  many  cases 
the  application  of  lime  has  brought 
increased  production  and  helped  to 
make  the  farmers  happy. 

It  was  tlie  lime  business  that  at¬ 
tracted  John  Stark  to  the  area.  The 
hard  limestone  available  is  of  high 
calcium  content  and  is  excellent  for 
the  soil.  It  exceeds  the  80  per  c'ent 
calcium  carbonate  recpiired  by  the 
United  States  Department  of  Agricul¬ 
ture  for  soil-treating  lime.  In  cases  in 
which  Federal  agencies  participate 
financially  in  the  application  of  lime, 
the  Government  tests  the  lime  at  inter- 
\  als  to  make  sure  it  is  of  the  right  con¬ 
tent.  In  his  field  laboratory,  housed  in 
a  large  auto  trailer.  Stark  makes  con¬ 
tinual  tests  of  gradation  of  all  his 
products. 

Stark’s  stone  products  exceed  the 
standards  for  highway  and  concrete 
material.  The  deposits  at  his  proper¬ 
ties  are  principally  Fort  Scott  lime¬ 
stone.  The  beds  tip  upward  to  the 
south  and  east  and  are  cox  ered  with 
from  2  to  7  ft.  of  clayey  .soil.  There  are 
some  thin  seams  of  shale  in  the  stone. 


STcmmmt 
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LAYOUT  OF  A  BL.AST:  The  larger  drawing  shows  the  location  of  the  drill  holes  in  a  primary 
blast  in  a  Stark  quarrs.  The  numbers  alongside  the  holes  indicate  the  order  of  firing.  The 
smaller  drawing,  at  right,  shows  how  each  hole  is  loaded  with  charges  of  Gelamite  1  and 
Hercol  powder,  and  the  stemming  at  the  top. 


Expanded  Operations 

.\s  Stark  developed  his  agricultural 
lime  business,  he  discox  ered  sufficient 
limestone  to  expand  into  other  prod¬ 
ucts.  When  he  located  in  Kansas  in 
1945,  he  intended  to  operate  there  for 
about  three  years.  But,  the  demand  for 
road-  and  concrete-materials  changed 
his  mind.  \’ariations  in  farming  con¬ 
ditions  in  recent  years  have  tempo- 
rarilx’  decreased  the  use  of  lime.  Hoxv- 
ex  er,  the  demand  for  other  products  of 
his  (juarries  has  increased,  and  major 
production  is  noxv  keyed  to  highxvav 
base  material  and  concrete  rock. 

“.\11  indications  point  to  an  increase 
in  road  building  and  xve  are  prepared 
for  it,”  Stark  said.  “We  realize  a  big 
sax  ing  from  our  methods  because  xx’e 
can  xvork  all  the  (juarries  xvith  a  single 
jilant.  .\nd,  xve  could  not  operate  eco- 
nomicallv  xvithout  using  explosixes 
jirojierly.  We  hax  e  done  a  lot  of  experi¬ 
menting  to  get  the  results  xve  xx'ant 
and,  at  the  same  time,  to  keep  doxxm 
the  cost  of  blasting.  We  are  xvell 
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EXPLOSIN'ES  IN  .ACTION:  Primary  blasts  produce  good  initial  fragmentation  of  the  limestone 
because  of  the  relatively  heavy  charge  of  explosives  in  each  hole.  Experience  has  demonstrated 
that  this  method  eliminates  secondary  blasting  and  minimizes  wear  and  tear  on  equipment. 


AFTER  A  BLAST:  Power  shovel  operators  find  easy  digging  in  the  muck  piles  after  blasts.  They  load  the  broken  stone  into  7-cu.  yd.  end-dump 

Euclid  trucks  for  deliveries  to  the  crushing  plant. 


plt-asfd  with  the  inetlutds  developed  in 
our  propertie.s.” 

Drilling  and  Blasting 

Although  the  several  quarries  varv 
as  to  size,  ov  erburden,  water  seepage, 
and  other  factors,  the  blasting  teeh- 
nitjues  are  about  the  same.  The  Chrard 
(^uarrv  is  a  good  e.xample.  The  pit  is 
about  1,(XK)  ft.  .stjuare.  The  ov  erburden 
averages  about  7  ft.  deep.  This  is 
stripped  with  a  Caterpillar  D-7  dozer. 
Nearlv  all  of  the  ov  erburden  is  pushed 
into  areas  that  have  been  (juarried  and, 
as  a  result,  the  terrain  is  not  marred  bv 
mountains  of  waste. 

The  two-man  drilling  crew  works  a 
full  shift  ev  erv  dav,  keeping  well  ahead 
of  the  shovels.  The  3/2-in. -diameter 
blast  holes  are  drilled  in  staggered 
rows,  with  each  liole  16  ft.,  which  in 
this  (juarrv  is  the  thickness  of  the 
limestoue.  The  rows  are  7  It.  apart. 
The  first  row  is  drilled  7  ft.  from  the 
toe  of  the  face.  Four  to  five  rows,  each 


with  au  average  t)f  seven  holes  per 
row,  compri.se  the  usual  round. 

The  drilling  is  done  with  a  jov  4(X) 
drill  mountetl  on  a  Ford  tractor.  A 
Ciardner-Denver  compres.sor  of  365- 
c.f.m.  capacitv  powered  with  a  Cater¬ 
pillar  D-13(XX)  engine  produces  the  air 
to  power  the  drill  and  to  blow  out  the 
cuttings.  The  compressor  trails  be¬ 
hind  a  Chevrolet  truck.  Timken  and 
Ingersoll  rock  bits,  size  3)2  in.,  are  used. 
The  drill  rig  takes  12-ft.,  lll-in.  Card- 
ner-Denver  hollow  steel.  One  6-ft. 
length  of  steel  is  added  on  top  to  finish 
the  hole  to  the  right  depth.  The  rig 
drills  at  the  rate  of  two  holes  an  hour. 

Loading  the  Explosives 

When  the  drilling  is  finished,  the 
holes  are  inspc'cted  to  the  bottom  bv 
a  reflector  mirror  ( flashlight  on  cloudv 
davs).  They  are  loaded  on  a  ratio  of 
0.85  to  0.95  lb.  of  explosives  to  each 
cid)ic  vard  of  material  in  plac'c.  This  is 


fairlv  heavy  loading,  but  Stark  has 
learned  that  effective  fragmentation 
in  his  blasts  saves  wear  and  tear  on 
ecjuipment. 

Two  3  bv  8-in.  cartridges  of  Ciela- 
mite®  1  are  placed  in  the  bottom  of 
each  hole,  where  the  breaking  is  to  a 
limestone  seam.  When  the  break  is  to 
shale,  the  Ch'lamite  is  not  used. 

In  a  drv  hole,  Ilerc-ol,®  a  free- 
flowing  bag  powder,  is  poured  in  until 
the  hole  is  half  filled.  Then,  in  the 
middle,  on  top  of  the  first  batch  of 
Hercol,  a  3  by  8-in.  cartridge  of  Cela- 
mite  1  is  placetl  as  a  priming  charge. 
The  remainder  of  the  hole  is  filled 
with  Herc-ol  to  within  3  ft.  of  the  collar, 
after  which  it  is  stemmed  with  drill 
cuttings.  \  short-period  delav  electric 
blasting  cap  with  12-ft.  leg  vviri's  is 
placed  in  the  primer  cartridge.  When 
all  the  holes  are  loaded,  tlu*  cap  vv  ires 
are  hooked  up  in  a  .series.  A  round  of 

“Hercules  Trademark 
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ST(K;KPII.KS  of  finished  PRODI'CH'S:  After  the  limeiitone  has  been  crushed  and  washed  in  the  plant,  the  finished  products  are  stock¬ 
piled  at  each  C|uarry  property.  This  method  assures  prompt  distribution  to  a  variets  of  users. 


Northwest  25,  one  S-eii.  yd.  Bucvrns- 
Erie  2()B,  and  one  i-cu.  vd.  Bucvriis- 
Erie  22B. 

The  KtH'hring  shovel  is  n.sed  chieflv 
in  the  cjiiarrv.  It  loads  into  Euclid 
trucks,  powered  hv  General  .Motors 
diesel  engines.  Each  end-dump  truck 
has  a  capacity'  of  7  cu.  yd.  Si.x  of  the 
trucks  are  used  in  this  operation.  The 
“Eukes”  also  haul  from  crusher  to 
stockpiles.  . 

The  haul  to  the  crushing  plant  is 


up  to  50  holes  is  fired  in  one  series.  11 
there  are  more  than  .50  holes,  the  cap 
wires  are  hooked  up  in  a  series-parallel 
c-onnection.  Blasts  are  fired  with  a  410- 
\olt  blasting  machine. 

This  method  of  primary  blasting 
produces  exc'ellent  residts  and  there  is 
no  secondary  blasting. 

Four  men  load  a  round  of  .30  to  50 
holes  with  explosix  es  in  an  hour.  This 
loading  procedure  usually  starts  at  7 
o’clcK-k  in  the  morning  and  the  blast  is 
fired  at  8  ocliKk.  This  eliminates  any 
possibility  of  ha\  ing  loaded  holes  left 
oyernight,  or  for  long  periods.  Stark’s 
blasting  crew  adheres  strictly  to  ac¬ 
cepted  safety  measures. 

In  the  event  of  a  pocket,  or  chamber, 
in  a  blast  hole,  the  charges  of  Ilercol 
are  plac-ed  in  2'3G  containers  to  build 
up  past  the  pocket. 

In  some  of  the  (juarries  there  is  (piite 
a  bit  of  water  seepage,  and  wet  holes 
are  the  result.  These  wet  holes  are 
loaded  in  the  same  manner  as  the  dry 
ones  except  that  the  Hercol  powder  is 
placed  in  containers.  If  a  hole  is  wet 
only  at  the  bottom,  the  containers  are 
u-sed  to  build  past  the  wet  section,  and 
the  remainder  of  the  hole  is  loaded  as 
if  it  were  dry. 


about  a  Jf-mile.  The  plant  is  equipped 
with  Cedar  Rapids  primary  and  sec¬ 
ondary  crushers.  The  trucks  dump 
into  a  .3  by  12-ft.  apron  feeder,  which 
empties  into  a  22  by  36-in.  jaw  crusher. 
This  primary  crushing  reduces  the 
limestone  to  a  7-in.  maximum.  From 
the  crushers  the  material  is  c'onveyed 
to  a  Kohnan  4  bv  8-ft.  scalping  screen 
for  the  renunal  of  shale  and  other 
waste. 

From  there  the  rock  goes  through 
conventional  crushing  plant  equip¬ 
ment,  and  the  various  products  are 
eventually  conveyed  to  loading  hop¬ 
pers,  and  then  hauled  to  the  stockpiles. 
.As  many  as  four  products  c'ome  from 
the  crushing  plant  at  the  same  time. 

The  agricultural  lime  is  virtually 
pulverized  — 90  per  cent  passing 
through  a  No.  8  screen  and  a  25  per 
cent  minimum  passing  through  a  1(X) 
screen.  The  highway  material  ranges 
from  l/t  in.  to  fines.  The  concrete  stone 
is  reduced  from  VA  in.  to  No.  8  .screen. 
.A  C'omparativelv  small  amount  of 
larger  rock  is  stockpiled  for  use  in 
drainage  work.  The  chips  reduced 
from  H  in.  to  No.  4  screen  are  used 
primarily  for  private  roadways  and 
drives. 

The  crushing  (Hjuipment  is  in  several 
.sections.  .Most  of  it  is  powered  by  elec¬ 
tricity.  Th(*  po\\’er  is  made  bv'  a  port¬ 
able  Kato  generator  of  125-K\’.A  ca¬ 
pacity  that  is  pulled  by  a  G.M  671 
diesel  engine. 

( Continued  on  page  92 ) 


Plant  Operations 

The  blasting  produces  an  easily 
worked  muck  pile.  Power  sho\els  re- 
coyer  the  broken  material.  Stark  has 
four  shoyels  for  this  work  and  for 
loading  from  stockpiles.  They  are  one 
1-cu.  yd.  Koehring  405,  one  ?i-cu.  yd. 


SUPERINTENDENT  OF  OPER.ATIONS: 
George  N'ettels  is  superintendent  of  opera¬ 
tions  in  the  John  Stark  organization.  He 
directs  the  activities  that  average  a  produc¬ 
tion  of  1.600  to  2,000  tons  of  prepared  lime¬ 
stone  each  working  day. 
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Driving  R  aises 
By  tlie  Lon^-Hole  MetlioJ 

Experiments  in  Inland  Steel’s  Oreenwoo  d  M  ine  on  tke  Marquette  Iron  Ran^e 
in  Mielii^  an  show  favora  kl  e  costs  per  foot  of  raise  and 
safer  working  conditions 


A.  P.  GUSTITIS 


The  Greenwood  Mine  of  Inland 
Steel  Coinpanv  is  located  at  Ish- 
peining,  Michigan,  on  the  Marcjnette 
Iron  Range.  The  ore  in  the  mine  work¬ 
ings  is  of  a  specular  hematite  and 
magnetite.  It  is  fairlv  hard  and  abra¬ 

*  Hercules  Powder  Company 
Duluth,  Minnesota 


sive,  hut  fractures  well  when  blasted. 
.\lso,  the  ore  is  suHicientlv  hard  to  re¬ 
tain  its  shape  without  cribbing  for 
raises. 

R.  C.  Annear,  superintendent,  and 
R.  J.  Lacke,  the  mining  engineer  at 
Greenwood  Mine,  began  planning  to 
speed  up  the  work  details  in  dri\ing 


raises,  with  safety-  in  mind.  They  de¬ 
cided  to  first  drill  a  3-in. -diameter  pilot 
hole  up  the  center  of  a  raise.  The  pri- 
marv  reason  for  this  hole  was  to  pro- 
\ide  a  means  for  hoisting  all  staging 
and  drilling  materials  to  the  working 
face,  thereby  eliminating  the  neces¬ 
sity  for  the  miners  doing  so  by  hand 


FORTY-FOOT  R.4ISE:  The  completion  of  this  40-ft.  raise,  the  first  one  drilled  and  blasted  hy  the  long-hole  method  in  the  Greenwood  Mine 
of  Inland  Steel  Company  at  Ishpeming,  Michigan,  was  accomplished  in  July,  19.'57.  It  is  a  single-compartment,  uncrihbed  raise.  One  important 
feature  of  the  long-hole  method  is  that  no  miner  has  to  work  in  a  raise  until  it  has  been  completed. 
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CAREFl'L  DRILLING:  A  closeup  of  long-hole  drilling  operations  in  a  raise  in  the  Greenwood  Mine.  Extreme  care  is  taken  in  hole  alignment 
and  in  repeated  checkings  at  the  start  to  keep  the  holes  as  nearly  parallel  as  possible. 


Iioisting.  \  tugger  was  mounted  above  center  with  four  holes  around  it.  Two  intended  break-through.  This  could  be 

the  raise  with  a  cable  lowered  through  holes  were  at  9  in.  and  two  holes  at  c-ontributed  to  the  use  of  three  differ- 

the  pilot  hole.  This  hole  was  also  uti-  12  in.  from  the  center  of  the  raise.  The  ent  tvpes  of  bits  in  drilling  the  holes, 

lized  to  good  advantage  as  the  relief  remaining  six  holes  were  12  in.  from  However,  it  did  not  affect  the  raise  in 

hole  in  the  burn-cut  round.  the  burn-cut  holes.  Extreme  care  was  anv  wav.  The  three  different  bit  txpes 

The  pattern  decided  for  the  first  taken  in  the  alignment  of  the  holes  and  were  used  for  experimental  purposes 

raise  was  to  drill  a  burn-cut  with  the  in  repeated  checking  in  starting  to  to  determine  which  would  drill  a  hole 

outside  holes  on  a  perimeter  of  a  4-ft.  drill  the  holes  to  keep  them  as  nearly  as  nearly  parallel  as  possible  to  the 

circle.  A  4/j-in.  percussion  drill  was  parallel  as  possible.  center  line  of  the  raise.  The  three  types 

set  up  on  the  sublevel  at  the  bottom  When  the  drilling  was  completed,  of  bits  were  a  chisel  point,  an  X-bit, 
of  the  proposed  rai.se,  and  eleven  3-in.  the  pattern  was  not  the  same  as  the  and  a  cross  bit.  Results  showed  that 

holes  were  drilled  as  illustrated  in  starting  pattern,  but  none  of  the  holes  the  cross  bit  drilled  the  straightest  hole 

Figure  1.  A  relief  hole  was  in  the  were  more  than  12  in.  away  from  the  in  this  type  of  ore. 
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TO  POWER 


BLAST 


Safer  Working  Conditions 

The  completion  of  a  raise  by  the 
long-hole  method  was  accomplished  at 
Greenwood  Mine  in  July,  1957.  It  was 
a  4()-ft.,  single-c'ompartment,  uncrib- 
hed  raise,  .^n  identical  raise  of  27  ft. 
is  being  drilled  at  this  time  (see  Fig¬ 
ures  2  and  3).  One  important  feature 
of  a  raise  like  the  one  referred  to  above 
is  that  it  can  be  driven  without  a  miner 
having  to  work  in  the  raise  until  after 
it  has  bet'n  completed. 

Prior  to  the  raising,  floor  pillars  were 
being  mined  bv  long-hole  drilling.  This 
was  the  forerunner  to  raising  by  this 
method.  In  one  instance,  a  group  of 
holes  was  drilled  in  a  pillar  that  was 
narrow  in  width  and  thick  in  depth. 
To  eliminate  the  danger  of  sticking  this 
pillar  by  shooting  it  in  one  blast,  it  was 
decided  to  load  a  charge  of  explosi\’es 
in  the  bottoms  of  the  holes  to  break 
small  portions  of  the  ore  to  a  stope  be¬ 
low.  By  doing  this  repeatedly,  an  irreg¬ 
ular  hole  was  broken  through.  Enough 
information  was  developed  to  deter¬ 
mine  that  the  miners  coidd  blast  small 


F'lGURE  1:  The  drill  pattern  for  the  first  raise  included  a  relief  hole  in  the  center  with  four 
holes  around  it,  and  six  outside  holes  on  a  perimeter  of  a  4-ft.  circle.  Numbers  alongside  the 
holes  indicate  the  order  of  firing  the  explosives  charges  in  the  blast. 


—  4"!  BLAST 


—  3!!"  BLAST 


FIGURE  2:  This  drawing  shows  some  of  the  details  involved  in  the 
use  of  a  single  .‘3-in. -diameter  long  hole  between  levels  to  serse  as  the 
center  line  for  the  raise  and  a  "buster  hole”  for  the  blast. 


FIGURE  :3:  The  above  sketch  outlines  the  method  adopted  for  using 
a  long-hole  machine  to  drill  out  a  raise  completely  from  either  top 
or  bottom.  The  holes  are  blasted  from  the  collars. 
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MINE  HEADFRAME:  This  is  the  headframe  at  the  Greenwood  Mine  of  Inland  Steel  Company 
located  at  Ishpeming.  Michigan,  on  the  Marquette  Iron  Range. 


portions  of  a  hole  and  not  damage  the 
remainder  of  the  hole  in  this  type  of 
ore.  It  was  also  disc-overed  that  if  a 
cross  hit  was  used,  the  holes  c'oiild  be 
drilled  almost  parallel. 

After  a  round  of  blast  holes  was 
drilled,  all  equipment  was  remo\ed 
from  the  bottom  and  the  explosives 
charges  were  loaded  into  the  holes 
from  the  top  of  the  proposed  raise. 
Before  loading  the  charges,  the  blast 
holes.  ha\ing  been  drilled  through, 
had  to  be  plugged.  This  was  done  by 
fastening  a  sash  cord  to  a  wooden  plug. 
The  plug  was  covered  with  a  small 
piece  of  paper  to  bind  it,  and  a  few 
inches  of  dirt  was  tamped  on  top, 
leaving  the  sash  cord  attached.  The 
plug  was  raised  and  lowered  until  the 
bottom  of  the  hole  was  determined. 


This  procedure  assured  a  good  bottom 
and  not  much  of  it  was  lost. 

Loading  Explosives  Charges 

The  holes  were  loaded  with  Gela- 
mite®  1  in  21*  b\'  16-in.  and  2  bv  16-in. 
cartridges,  primed  with  Hercules  No 
\’ent®  Delav'  Electric  Blasting  Caps. 
Care  w  as  taken  to  keep  the  top  of  the 
dxTiamite  charges  in  a  plane  normal  to 
the  centerline  of  the  rai.se  to  maintain 
as  clean  a  cut  as  possible.  From  4  to 
6  in.  of  stemming  was  used  on  top  of 
the  column  of  explosives  in  each  hole. 

After  six  blasts  were  fired,  the  raise 
was  within  2  ft.  of  the  upper  level. 
The  first  and  longest  blast  w^as  12  ft. 
This  produced  some  overbreak  around 
the  raise.  This  overbreak  w’as  caused 
by  propagation,  thought  to  be  due  to 


a  fracture  in  the  ore  that  ran  through 
the  raise.  The  charges  in  the  remain¬ 
ing  blasts  detonated  in  proper  order. 
The  second  blast  w’as  reduced  to  4  ft., 
the  third  to  7  ft.,  the  fourth  to  8  ft.,  and 
the  fifth  to  7  ft.  .411  broke  fairly  clean 
to  the  tops  of  the  cxilumns  of  explo¬ 
sives.  The  remaining  2  ft.  was  drilled 
with  small  jackhammer  holes  and 
blasted  between  the  3-in.  holes.  The 
raise  was  then  complete,  as  illustrated 
on  page  77. 

The  explosives  loading  ratio  was  25 
lb.  per  1  ft.  of  raise.  In  the  overall  cost 
per  foot  of  raise,  the  long-hole  method 
CH)mpared  favorably  with  prexious 
methods  used. 

In  future,  smaller  diameter  holes 
will  be  drilled  to  speed  up  drilling 
time  and  lower  drilling  costs.  The  ex¬ 
plosives  loading  ratio  per  foot  of  raise 
will  be  reduct'd  considerablv  because 
the  ore  in  this  raise  was  pulverized. 
This  was  caused  bv  loading  a  large 
x  olume  of  powder  in  the  large-diame¬ 
ter  holes.  The  initial  blasts  will  be 
reduced  to  keep  the  oxerbreak  to  a 
minimum  and  to  minimize  the  chances 
of  propagation,  xvhich  could  occur  be¬ 
cause  of  fractured  ground  around  the 
raise.  The  length  of  the  succeeding 
cuts  xvill  1h'  increased  as  thev  are  being 
advanced. 

.\dvantagcs  Summarized 

The  adxantages  claimed  for  this 
method  of  raising  are: 

( 1 )  Elimination  of  the  hazards  in- 
volxed  in  climbing  up  the  raise, 
putting  in  staging,  and  drilling 
and  loading  a  stage  or  platform. 

(2)  Elimination  of  the  xxork  of  main¬ 
taining  x  entilation,  pipes,  and  lad¬ 
ders  in  the  raise  during  entire 
raising  operation. 

(3)  It  can  be  used  xvhere  the  hole- 
through  point  is  inaccessible,  or 
the  holes  can  be  drilled  from  the 
top  before  a  drift  is  completed 
under  the  proposed  raise. 

(4)  The  finished  raise  is  straight,  and 
the  starting  point  and  hole- 
through  points  are  knoxvn  before 
blasting  is  done. 

(5)  Loading  charges  of  explosives  in 
the  holes  from  the  top  is  easier 
and  faster. 

(6)  Provides  greater  safety  for  em¬ 
ployes  because  they  do  not  have 
to  xvork  in  the  raise  until  after  it 
has  been  completed. 
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Blasting  in  a  ^ortli  O 
Oranite  Quarry 


W.  M.  MAY 


bridges,  and  as  ballast  on  the  right-of- 
way  of  the  old  Raleigh  and  Gaston 
Railroad,  now  a  part  of  the  Sealx)ard 
Airline  system.  Later,  Seaboard  opera¬ 
ted  the  cpiarrv  to  produce  the  thou¬ 
sands  of  tons  of  ballast  stone  needed 
for  the  proper  maintenanc'e  of  its  many 
miles  of  roadbed. 


location  of  the  quarry  and  crushing 
plant  is  a  short  distance  south  of  the 
North  Carolina-\’irginia  state  line  on 
Lh  S.  Route  1. 

Greystone’s  area  of  quarry  acti\  ities 
was  first  opened  in  18^15  by  Patrick 
Linehan  to  product'  dimensional  stone 
for  use  in  constructing  cuherts  and 


Thk  sprawling  operations  of  Grey- 
stone  CJranite  Quarries,  Inc.,  four 
miles  north  of  Henderson,  in  \’ance 
Gounty,  North  Carolina,  are  in  the 
heart  of  a  region  long  noted  for  the 
production  of  high-grade  granite.  The 

•Hercules  Powder  Company 
BirniinKhain,  .\labaina 


THE  BL.\ST  .\RE.\:  .4  well-drill  blast  of  fourteen  6-in. -diameter  holes  was  made  recently  along  the  north  side  of  Creystone’s  granite  quarry 
near  Henderson.  North  Carolina.  The  length  of  the  blast  area  svas  292  ft.;  the  height  of  the  face  was  167  to  172  ft. 


THE  EXPI-OSiyES  ENGINEER 


LOADING  EXPLOSIN  F'S:  The  charge  of  explosives  in  each  hole  was  deck-loaded  with  Kanex 
2-H  in  the  l>ottnm  and  Trifex  in  the  top.  kanite  primer  cartridges,  with  HC-1  boosters  inserted 
in  the  wells,  were  interspersed  through  the  entire  column  of  explosives. 


The  qiiarrv  has  bt*en  in  almost  con¬ 
stant  operation  since  its  opening  in 
18^35.  The  more  recent  operators  in¬ 
clude  Robert  G.  Lassiter,  a  contractor, 
who  actjuired  the  property  in  1910  to 
produce  crushed  stone  for  his  own  re- 
(juirements,  and  to  supply  the  net'ds 
of  other  local  contractors.  In  1916. 
Raleigh  Granite  Compain'  was  formed 
to  purchase  the  property  and  to  install 
many  improvements  in  the  stone-pro¬ 
ducing  equipment  and  plant  machin¬ 
ery  The  Raleigh  company  operated  the 
(juarrv  until  1937,  when  cxuitrol  was 
ac-cpiired  by  Southern  .\ggregates  Gor- 
poration  and  an  ambitious  program  of 
modernization  was  introduced.  Nearly 
S1,()(X).0(K)  was  spent  for  new  drilling, 
loading,  and  haulage  units  in  the  pit, 
and  for  a  new  crushing  plant.  W'hen 
the  new  wjuipment  was  at  work. 
Southern  .\ggregates  had  de\eloped 
the  most  modern  crushed  stone  oper¬ 
ation  in  the  South.  During  World  War 
II,  practically  the  entire  production 
went  into  the  national  defense  effort, 
much  of  it  being  used  in  the  construc- 


BL.AST  IN'  .ACTION:  When  the  20.540  Ib.  of  explosives  loaded  in  the  14  blast  holes  was  detonated,  a  mass  of  fractured  granite  was  moved 

away  from  the  quarrx-  face  in  a  uniform  pattern. 
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EXCELLENT  RP'SCLTS:  The  excellent  results  from  the  blast  are  apparent  in  the  low,  slopinR  bank  of  rock  on  the  (piarry  Hoor.  It  was 

estimated  that  the  blast  produced  79,261  tons  of  “easy-diRsiiiK”  Rranite. 


Knclid  tlit'scl  rear-diimp  trucks  and 
hauled  to  the  diimpiiit'  area  in  a  re¬ 
mote  st*ction  of  the  property. 

It  is  of  interest  to  eompare  the  drill- 
ing  and  blasting  nu'thods  used  toda\ 
with  the  proeednres  used  about  15 
\c'ars  ago: 

Prior  to  1942,  the  granite  was  (|uar- 
rit'd  on  three  intermediate  benches, 
each  approximatelv  75  ft.  high.  A 
single  row  ol  fi-in.-diamett'r  holes  w  as 
drilh'd  into  the*  rock  using  .Sanderson- 
(Aelone  wt‘11  chills.  Tin*  usual  jirae- 
tiee  was  to  blast  a  minimum  of  20  hoh's 
at  a  time,  the  number  depending  upon 
the  demand  for  the'  finished  product. 


right-of-wav  art*  within  a  \c“ry  short 
distance*  of  that  side  of  the  property. 

The  geological  formation  in  the 
cjuarrv  is  a  normal  granite  with  the 
usual  amounts  of  (juartz,  feldspar,  and 
mica.  This  is  eharactc*ri,stie  of  the  gran¬ 
ite  dc'posit  in  that  sc*ction  of  \orth 
(’arolina.  The  cjuarrv  working  face  is 
210  to  215  ft.  at  its  highest  jwint.  This 
includc's  an  overbnrden  averaging  20 
ft.  .\t  the  jiresc'iit  site  of  blasting  ojic'i  - 
ation.s,  the*  overburden  is  eomjiosed  of 
sajistone,  disintc*gratc*d  rock,  and  »*arth. 
It  is  easv  to  rc*mo\e  with  a  .\orthwest 
2,'2-eu.  vd.  SO-D  shcn  el.  The*  c*xc‘a\atc*d 
oxerburden  is  loaded  into  13-cii.  xcl. 


tion  of  roads  at  .Armv  eautomnc'nts  in 
North  Carolina. 


Big  Qiiarrv  .Area 

The*  jnesent  ojic*rator.  (hc*v.stonc* 
Cranite  (^)uarries,  Inc.,  took  oxer  the 
businc*.ss  on  .\j)ril  1,  1944,  to  jxroduce 
various  size's  of  erushc'd  stone  for  high- 
xvavs,  railroad  ballast,  rij^rajx.  and 
serc'enings  for  asjihalt  jilants.  The 
cjuarrx'  area  is  extrc'inelx'  large,  xvith 
amjile  resc'ixes  of  high-grade  granite. 
Tlu'ic*  is  room  for  exjiansion  to  the  east 
and  xx  est.  No  more  rock  xvill  be  taken 
from  the  south  xxall  of  the  (juarrx-  be¬ 
cause  a  countv  road  and  the  Seaboard’s 
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BELT  CONVEYOR:  After  the  blasted  granite  has  passed  through  the  48  by  60  Allis-Chalmers  primary  crusher,  it  is  conveyed  by  an  endless 

belt  to  the  Symons-Nordberg  cone  crusher  at  the  top  of  the  quarry. 


Blasting  on  the  three  benches  did  not 
prove  satisfactory  hwause  of  the  diffi- 
cnltv  in  obtaining  maximum  efficiency 
from  drilling  and  hauling  wjuipment. 

Operating  Methods  Changed 

Grevstone’s  engineers  recommended 
the  elimination  of  the  three-bench  sys¬ 
tem  and  the  introduction  of  the  blast¬ 
ing  of  the  entire  height  of  the  tpiarry 
fac-e  at  one  time.  Further  efficiencies 
could  be  realized  if  the  primary 
crusher  was  relocated  at  the  cpiarry 
floor.  This  would  prov  ide  a  compara- 
tivelv  short  haul  in  mov  ing  the  blasted 
rock  to  the  crusher.  Stone  from  the 
primary  crusher  would  then  be  con- 
vev'ed  bv  an  endless  belt  to  the  secon¬ 
dary  crushers  at  the  top  of  the  quarry. 
Relocating  the  primary  crusher  w  ould 
also  eliminate  the  need  for  a  long. 


costly  haul  up  the  steeply  inclined 
(piarry  ramp.  The  floor  of  the  (juarrv 
was  relatively  lev  el  and  a  minimum  of 
fill  would  be  needed  to  establish  a 
smooth,  solid  surface  for  the  trucks. 

A  blast  made  recently  in  the  entire 
height  of  face  is  typical  of  the  new 
technkpie  in  u.se  at  Grev'stone.  The 
area  of  this  blast  extemded  292  ft.  along 
the  north  side  of  the  (piarrv.  The  w  ork- 
ing  face  varied  from  167  to  172  ft.  high. 
Fourteen  holes,  6  in.  in  diameter,  were 
drilled  on  18  to  23-ft.  centers.  .\s  the 
face  was  somewhat  irregular,  and  it 
was  hoped  the  blast  would  correct  this 
condition,  the  burdens  on  the  holes 
varied.  Ten  of  the  14  holes  had  20-ft. 
burdens  at  the  toe,  tw  o  holes  had  15  ft., 
and  two  had  burdens  of  17  and  18  ft. 
In  the  east  section,  around  holes  12, 
13,  and  14,  there  w'as  about  40  ft.  of  toe 


that  was  left  from  a  previous  blast. 

The  6-in.  holes  were  drilled  with  a 
Sanderson-Cv’clone  churn  drill  and  a 
Keystone  51  drill,  each  using  6-in.  de¬ 
tachable  Tungsten-Garbide  bits.  The 
bits  performed  exceptionally  well  in 
the  tough  granite,  averaging  25  ft.  of 
hole  before  they  had  to  be  pulled  for 
sharpening.  Compressed  air  for  the 
drills  and  the  bit  sharpener  was  sup¬ 
plied  bv  two  Ingersoll-Rand  compres¬ 
sors  of  1.2.5()-c.f.m.  capacity  and  a 
6(X)-c.f.m.  Jaeger  portal  compressor. 

Loading  Explosives  Charges 

The  bottoms  of  the  14  holes  w'ere 
first  loaded  vv’ith  11,412  lb.  of  Kanex* 
2-H,  a  non-nitroglv'cerin  high  explo¬ 
sive,  packed  in  5-in.  bv  30-lb.  water¬ 
proof  cans.  As  the  charge  of  Kanex 
®  Hercules  Trademark 
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THE  PLANT:  The  plant,  with  a  capacity  of  325  tons  an  hour,  produces  five  sizes  of  crushed  stone  from  Ha  in.  down  to  screeninKs.  Different 

sizes  can  be  blended  from  storage  bins  to  meet  customers’  specifications. 
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.some  with  as  much  as  69  ft.,  and  none 
witli  less  than  35  ft.  This  water  con¬ 
dition  slowed  the  loading  progress  on 
several  occasions  because  of  the  diffi- 
cultv  in  lowering  a  cartridge  through 
the  water.  .\t  times,  a  cartridge  be¬ 
came  lodged  on  a  slight  projection  in 
the  bore  hole.  In  some  instances  a 
stuck  cartridge  could  not  be  dislodged 
and  small,  unloaded  pockets  remained 
in  four  of  the  holes.  Loading  the  14 
holes  with  a  total  of  20,540  lb.  of  explo¬ 
sives  required  12  hours’  time. 

As  the  loading  of  the  Kanex  2-H 
charges  progressed  and  built  up  to  ap¬ 
proximately  the  102-ft.  point,  and  had 
passed  the  water  level  in  each  hole, 
Tritex  was  loaded  for  the  remaining 
footage.  The  last  15  ft.  of  each  hole 
was  stemmed  with  rock  fines.  An  ac¬ 
curate  log  was  maintained  during  the 


drilling  activities  and  all  the  holes  were 
deck-loaded  to  avoid  blowouts  at  weak 
.spots  in  the  quarry  face. 

The  reinforced  plastic  Primacord 
extending  from  each  hole  was  con¬ 
nected  to  a  main  trunk  line  of  Prima¬ 
cord  which  made  a  circuit  of  the  holes. 
The  Primacord  trunk  line  was  broken 
between  holes  and  17-millisecond 
Primacord  c-onnectors  were  inserted  to 
give  a  delaying  action  to  the  blast. 
Detonation  was  acc-omplished  with  a 
Hercules®  Electric  Blasting  Cap  actu¬ 
ated  bv  a  Titan*  Blaster,  a  condenser- 
discharge  type  of  blasting  machine. 
The  delaying  action  of  the  17-milli- 
sec-ond  cxmiiectors  helped  to  produce 
better  fragmentation  and  to  minimize 
vibrations.  The  Primacord  trunk  line 
was  covered  with  rock  screenings  to 
reduce  the  noise. 


approached  the  top  of  each  hole,  the 
tvpe  of  explosives  was  changed  to  Tri- 
te.x®,  a  nitro  carbo  nitrate  blasting 
agent  packed  in  water-resistant  5-in. 
by  25-lb.  cartridges. 

Kanite*  primer  cartridges,  a  nitro 
carbo  nitrate  primer,  were  loaded  on 
top  of  the  first  two  cartridges  of  Kanex 
2-H  placed  in  each  hole.  Similar  prim¬ 
ers  were  interspersed  through  the 
entire  column  of  explosives.  \  Prima- 
cord^-sensitive  HC-1  booster  was  in¬ 
serted  in  the  well  of  each  primer 
cartridge.  Until  an  HC-1  booster  is 
plac'ed  in  a  Kanite  primer  at  the  bore 
hole,  the  primer  assemblv  is  not  a  high 
explosive. 

Water  was  encountered  in  all  holes. 


•Hercules  Trademark 
tHcK.  U.  S.  Pat.  Off. 

By  The  Ensign-Biekford  Company 


STOCKPILES:  Ample  tonnages  of  commercial  sizes  of  stone  are  maintained  in  stockpiles,  ready  for  prompt  deliveries.  Trucks  take  care  of 

short-haul  deliveries,  while  longer  hauls  are  made  in  railroad  cars. 
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.After  Blasting 

The  results  ot  tlie  blast  were  e.\cvl- 
leiit.  Only  a  few  l>oulders  that  would 
retjuire  reduction  hv  sec■oudar^•  blast¬ 
ing  were  apparent  and  the  pile  of 
broken  rock  was  nniformlv  out  from 
the  fact*  without  excessive  throw.  The 
engineers  estimated  that  the  blast  pro- 
dnct*d  79.261  tons  of  rtK-k,  reprt*senting 
an  explosives  factor  of  1  lb.  to  3.9  tons 
of  broken  nxk. 

Boulders  too  large  for  t*conomical 
handling  by  the  shovels  are  reduced 
in  si/e  bv  .secondarv  blasting.  A  Travel- 
tlrill.  a  remarkablv  useful  pitx'e  of 
(‘<|nipment  for  drilling  holes  for  secxin- 
darv  blasting,  drills  a  IX-in. -diameter 
hole  in  each  boulder,  using  a  detach¬ 
able  Tnngsten-C^arbide  bit.  While  no 
records  are  kept  at  this  time  of  bit  life 
in  this  tvpe  of  drilling,  previous  rec¬ 
ords  show  wear  to  be  satisfactorv.  Gel- 
amite®  2.  blasting  caps,  and  (^)narrv- 
cord®  prov  ide  the  punch  to  rednc'e  the 
big  ones  to  easilv  handled  sizes. 

•Keg.  I'.  S.  Pat.  Off. 

B\  The  Ensign-Bickford  Company 


E(juipment  to  keep  the  broken  rock 
moving  after  a  blast  cxinsists  of  two 
Bnevrus-Erie  .5()-B  shovels  with  2-cu. 
vd.  dippers,  and  one  Northwest  80-D 
shovel  of  2)*-cu.  yd.  capacity.  Both 
shovels  are  mounted  on  tractors  for 
ease  of  movement  in  the  pit.  Five 
trucks  —  thriH*  Macks,  a  Corbitt,  and  a 
White  —  each  wjuipped  with  10-cu. 
yd.  Easton  side-dump  bodies,  haul  the 
rwk  to  the  primary  crusher. 

The  primary  crusher  is  a  48  by  60 
Allis-Chalmers  javv-tvpe  unit.  .After 
the  primarv'  crushing,  the  rock  is  c'on- 
veyed  by  an  endless  belt  to  the  top  of 
the  (juarrv  where  a  Svmons-Nordl>erg 
c-one  crusher  further  reduces  it.  .Ample 
tonnages  of  the  vai''His  cxmimercial 
sizes  of  crushed  and  washed  stone  are 
stockpiled  and  ready  for  immediate  de- 
liverv.  Short-haul  deliveries  are  made 
direct  from  the  stockpiles  bv  truck.  .A 
spur  line  from  the  Seaboard  .Airline  ex¬ 
tends  into  the  stoc-kyard  and  long  hauls 
are  made  in  railroad  cars. 

The  plant,  with  a  capacitv  of  32.5 
tons  an  hour,  produc'es  five  sizes  of 


crushed  stone  varving  from  lH  to  %  in., 
also  screenings.  Different  sizes  of 
stone  can  be  blended  directly  from  the 
storage  bins  to  produce  the  proper  per- 
evntages  to  meet  anv  specifications. 

Grevstone  maintains  a  cximpletelv 
eipiipped  shop.  It  is  staffed  with  (|uali- 
fied  mt*chanics  who  are  capable  of 
handling  all  the  repairs  and  mainte- 
nanc'e  work  needed  on  an  operation  of 
this  size. 

The  progressive  management  of 
Grevstone  Granite  Quarries,  Inc.,  in¬ 
cludes  H.  D.  Hedrick,  president,  and 
C.  11.  Wolfe,  secretarv-treasurer.  E.  L. 
Brandtlev  is  superintendent  of  all 
operations,  and  Flcin  Durham  is  the 
cpiarrv  foreman.  Other  activities  of 
the  Grevstone  organization  are  the 
Shelton  Quarrv,  located  on  the  South¬ 
ern  Railway  between  Reidsville, 
North  (Carolina,  and  Danville,  A’ir- 
ginia,  and  the  Buggs  Island  Quarry  be¬ 
tween  Glarksville  and  South  Boston, 
\'irginia.  which  is  serv  t*d  bv  the  .A.  At  D. 
Railroad. 


T.  D.  JANEWAY 


I  like  the  wav  he  says  “hello,” 

Not  overdone,  but  just  sincere. 

Not  one  of  us  will  ever  know 
Wdiich  life  he’s  saved,  this  engineer. 

He  mav  he  Bill,  or  Sam,  or  Jim, 

But  “Safetv  Man”  we’ve  christened  him, 


fie  pravs  and  works,  he  plans  and  strives: 
From  dawn  to  dark,  it’s  just  one  fight 
To  teach  us  how  to  .save  our  lives 
.\nd  make  us  see  that  SAFETY’S  right, 
just  wishing  he  hut  had  the  power 
To  keep  us  safe  each  working  hour. 


I  often  mar\  el  at  his  skill. 

The  ea.se  with  which  his  eves,  long  trained, 
C'an  spot  the  things  that  maim  or  kill  — 

The  misfired  shot,  the  load  unchained. 
IN'fective  tools,  the  clothes  we  wear. 
Unshielded  arcs,  the  cluttered  stair. 


Some  day  he’ll  make  his  last  patrol 
And  cea.se  his  ne\  er-ending  (piest. 

Then  find  he’d  sensed  life’s  proper  goal 
.\nd  now  would  tower  abo\  e  the  rest  — 
For  when  one  is  a  “Safetv  Man” 

.\nd  works  for  love  of  fellow  man. 

He  lives  ac-cording  to  CJod’s  Plan. 


'721  Edney  Building 
Chattanooga,  IVnn. 
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TKe  Role  of  Expl  osives 
In  tne  Oerman  Attempt 
To  Blow  Up  Rema^  en  Bridge 

Carefully  developed  plans  of  Oerman  Army  engineers  foiled  by  American 
troops*  quick  rusb  across  tlie  structure  in  tbe  fa  ce  of  desperate 
efforts  by  tbe  enemy  to  destroy  it  in  or  Id  w  ar  II 


DR.  KEX  HECHLEr" 


OX  March  7,  1945,  a  small  detach¬ 
ment  of  American  engineer, 
intantry,  and  tank  troops  came  out  of 
the  woods  on  a  high  hill  overlooking 
the  Rhine  Ri\  er  near  the  town  of  Rem- 
agen  and  observ  ed  the  incredible  pro¬ 
file  of  a  bridge  still  standing  across  the 
river.  Thev  rushed  across  the  bridge  in 
the  fac-e  of  desperate  German  attempts 
to  blow  it  up.  This  quick  action  by  the 
American  troops,  one  of  history’s  most 
courageous  feats,  saved  perhaps  5,000 
casualties  that  might  have  occurred  in 
an  assault-crossing  of  the  river  barrier. 

The  German  .\rmy  had  made  care¬ 
ful  plans  for  blowing  up  the  bridge  at 
Remagen,  and  the  quick  work  of  the 
.\mericans  in  foiling  the  plans  provides 
some  interesting  material  in  the  use  of 
explosives,  both  from  a  tactical  and  a 
technical  standpoint.  In  the  fast-mo\’- 
ing  events  of  World  War  II,  some  of 
the  details  have  become  shrouded  in 
rnvsterv,  but  interviews  and  records 
reveal  the  high  points. 

The  bridge  referred  to  was  located 
at  the  sleepy  little  tourist  town  of  Rem- 

•c/o  C.  I.  Whitten  Transfer  Co. 

(iuntinKton  17,  West  Virginia 


agen,  midway  between  Gologne  and 
Koblenz,  at  the  northernmost  part  of 
the  Rhine  gorge.  It  was  a  double-track 
railroad  bridge  with  an  overall  length 
of  1,069  ft.,  with  spans  278,  513,  and 
278  ft.  long.  It  was  constructed  at  the 
end  of  World  War  I  and  named  the 
“Ludendorff  Bridge”  in  honor  of  Ger¬ 
many’s  great  wartime  general.  The 
floor  of  the  bridge  was  about  50  ft. 
above  the  Rhine  Ri\  er  at  normal  water 
level.  The  railroad  tracks  could  be 
planked  over  for  both  foot  and  vehic- 
idar  traffic. 

When  the  Germans  built  the  bridge, 
they  carefully  provided  demolition 
chambers  in  the  two  stone  piers  so 
that,  if  necessary,  it  should  have  been 
easy  to  destroy  the  structure.  But, 
when  French  troops  occupied  this  sec¬ 
tion  of  the  Rhineland  after  World  War 
I,  they  methodically  and  humorlesslv 
proceeded  to  fill  up  the  demolition 
chambers  in  the  piers  with  cement. 
Thus,  they  unwittingly  performed  a 
great  service  for  their  .\merican  allies, 
for  the  Germans  had  to  devise  a  new 
and,  as  it  turned  out,  less  certain  means 
of  blowing  up  the  bridge. 


Germans  Tested  Demolition 
Methods  at  Remagen  in  1938 

On  the  eve  of  the  outbreak  of  W’orld 
W'ar  II  in  Europe,  Germany’s  war 
machine  was  making  very  thorough 
preparations.  The  plans  included  not 
only  mobilizing  for  the  rape  of  Poland, 
but  also  for  long-range  defensive  plans 
that  thev  never  anticipated  having  to 
use.  However,  as  earlv  as  1938,  the 
Germans  began  conducting  tests  on 
how  to  blow  up  the  bridge  at  Remagen 
if  it  ever  became  necessarv.  Since  thev 
cxHild  not  use  the  cement-filled  de¬ 
molition  chambers  in  the  piers,  they 
devised  an  electrically  ignited  series  of 
68-lb.  charges  of  e.xplosives  packed  in 
zinc-lined  boxes  which  were  placed 
below  the  railroad  tracks  on  the  floor 
of  the  bridge.  The  electric  ignition 
switch  for  detonating  the  charges  was 
located  in  a  tunnel  at  the  end  of  the 
bridge,  and  the  ignition  cable  was  en¬ 
closed  in  a  steel  pipe  laid  in  the  lower 
part  of  the  bridge. 

The  plan  called  for  an  additional 
emergency  charge  of  explosives  vyhich 
could  be  detonated  with  safetv'  fuse 
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THE  BRIDGE  AT  REMAGEN:  This  bridge  across  the  Rhine  River,  connecting  the  towns  of  Remagen  on  the  west  bank  and  Unkel  on  the  east 
bank,  was  built  by  German  Army  engineers  at  the  end  of  World  War  I.  Chambers  were  prepared  in  the  two  stone  piers  in  which  charges  of 

explosives  could  be  placed  if  ever  the  structure  had  to  be  demolished. 


INCOMPLETE  DEMOLITION:  When  the  Germans  detonated  explosives  charges  on  the  bridge,  a  cloud  of  smoke,  dust,  timbers,  and  girders 
was  shot  up  into  the  air.  Miraculously,  the  structure  slowly  descended  upon  its  foundations.  The  Americans  quickly  rushed  unto  the  bridge 
and  crossed  it  in  the  face  of  continued  attempts  by  the  enemy  to  blow  it  up. 
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and  blasting  cap  by  hand,  if,  for  anv 
reason,  the  electric  circuit  failed.  Of 
course,  the  plan  had  the  disadvantage 
of  bt'ing  sensitive  to  jarring  and  shell¬ 
fire;  the  breaking  of  one  contact  in  the 
circuit  would  break  the  entire  circuit. 
However,  there  was  a  circuit  tester 
available. 

This  demolition  plan  was  devised  to, 
have  the  following  effect:  the  bridge 
was  not  to  fall  directly  down,  but  was 
to  Ih*  destroyed  at  two  dividing  points 
so  it  would  turn  halfvvav  on  its  axis 
and  then  drop  to  the  south  side.  The 
e\plosivt*s  charges  were  stored  care- 
fnllv  until  such  time  as  thev  would  be 
needed.  To  help  forestall  salwtage,  a 
dummv  ignition  cable  was  laid  in  the 
surface  structure  of  the  bridge  where 
it  cx)uld  be  found  easilv. 

The  plan  for  demolishing  the  bridge 
was  thoroughlv  tested  bv  the  Germans 
during  World  War  II  activities  and 
was  c-onsidert*d  to  be  in  good  working 
order.  However,  none  of  their  offic'ers 
or  troops  ever  dreamtxl  it  would  have 
to  be  put  to  use.  Two  thousand  vears 
earlier.  (^u‘sar  had  crossed  the  Rhine 
Riv  er  on  a  speciallv  constructed  bridge 
close  to  Remagen.  W’hen  he  withdrew 
his  forces,  he  successfullv  destroved 


his  bridge  without  difficulty.  Rut,  of 
course,  the  Germans  were  not  inter¬ 
ested  in  rev  ievving  the  musty  pages  of 
ancient  history. 

Germans  Blast 
Antitank  Ditch 

.\s  the  .\merican  troops  swept  ashore 
at  Normandy  and  irrupted  across 
France,  new  defensive  measures  were 
taken  bv  the  Germans  at  all  bridge 
structures  along  the  Rhine.  To  prevent 
a  sudden  armored  attack  that  would 
surprise  the  defenders  of  the  Remagen 
Bridge,  the  German  engineers  pre¬ 
pared  to  blast  an  antitank  ditch  at  the 
bridge  approach.  The  ditch  would  be 
about  30  ft.  wide  and  12  ft.  deep.  This 
would  delay  the  advance  of  enemy 
tanks  and  would  give  the  bridge  de¬ 
fenders  enough  time  to  .set  off  the  main 
demolition  charges  on  the  bridge  itself. 

The  -American  forces  kept  pressing 
forward  and  penetratetl  the  borders  of 
Germany  in  September,  1944.  .\t  Rem¬ 
agen  a  company  of  German  engineers 
continued  to  test  the  plan  to  demolish 
the  bridge.  Even  in  darkness  or  in  bad 
weather  thev'  could  be  fullv  readv  for 
demolition  within  3/*  hours. 

Several  davs  before  the  .Americans 


reached  Remagen,  an  incident  down¬ 
stream  at  Cologne  directly  affected  the 
German  demolition  plans.  At  one  of 
the  Cologne  bridges,  a  lucky  .American 
bomb  landed  on  one  of  the  demolition 
chambers,  blew  the  structure  skv-high, 
and  left  many  German  triwps  stranded 
on  the  west  bank.  Enraged,  Hitler 
ordered  that  henceforth  any  officx'rs 
who  armed  explosives  on  a  bridge 
prior  to  the  “last  moment”  would  be 
court-martialed.  This  stern  order  cre¬ 
ated  a  psychologv'  of  delay.  The  de¬ 
cision  to  blow'  up  a  bridge  is  such  a 
final  and  irrevocable  one  that,  with  this 
added  incentive  to  wait,  the  Germans 
became  much  more  c'onservative  in 
their  demolition  plans. 

Germans  Prepare 
To  Demolish  Remagen  Bridge 

On  the  morning  of  March  7,  Captain 
W'illi  Bratge,  the  German  c'ommander 
at  Remagen,  ordered  Captain  Friesen- 
hahn  and  his  engineers  to  prepare 
the  bridge  for  demolition.  .About  11 
o’clock,  a  German  truck  rumbled  up 
to  the  bridge,  presumably  to  deliv  er  a 
fresh  supplv  of  explosives.  To  his  con¬ 
sternation,  the  company  commander  of 
the  German  Engineers,  Captain  Karl 
Friesenhahn,  discovered  that  he  had 
been  short-changed:  the  trucks  had 
delivered  onlv  half  the  amount  of  ex¬ 
plosives  he  had  retjuested.  Fiirther- 
more,  he  found  he  had  been  supplied 
with  “Donerit,”  an  industrial  explosiv  e 
of  considerablv  weaker  strength  than 
the  militarv  explosiv  es  then  in  use.  Rut, 
it  was  too  late  to  correct  the  situation 
and  Captain  Friesenhahn  had  to  make 
the  best  of  what  he  had.  With  approxi¬ 
mately  1,(KX)  troops  of  varving  kinds  in 
the  vicinitv,  the  Germans  should  hav  e 
been  able  to  prepare  and  demolish  the 
bridge  even  though  the  .Americans 
were  attacking  with  detei  iniiu*d  troops 
and  General  Sherman  (3.5-ton)  tanks. 

.At  one  o’clock  in  the  afternoon.  Cap¬ 
tain  Friesenhahn  reported  that  the 
bridge  was  readv  for  demolition.  Bv 
that  time,  the  first  .American  troops  had 
broken  through  the  outskirts  of  the 
town  of  Remagen  and  were  alreadv 
advancing  into  the  town  itself,  the 
edge  of  which  vv'as  about  2  miles  from 
the  bridge. 

Meanwhile,  a  German  artillerv  cap¬ 
tain  rushed  to  the  bridge  and  asked 
that  the  demolition  be  delayed  until 


REP.AIR  WORK  UNDER  WAY:  The  first  contingent  of  American  engineers  on  the  bridge  cut 
even.'  demolition  wire  in  sight  and  dumped  unexploded  charges  of  explosives  into  the  Rhine 
River.  Meanwhile,  our  troops  reached  the  far  shore  and  kept  the  Germans  at  bay  until  a 
larger  force  could  be  brought  up  and  establish  a  firm  foothold. 
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he  could  get  the  men  of  his  company 
with  their  guns  across  the  bridge.  But, 
at  2:35  p.m.,  as  the  Americans  stormed 
to  the  approach  of  the  bridge.  Captain 
Friesenhahn  ordered  the  antitank  ditch 
to  he  blasted.  The  results  were  highly 
successful  from  the  German  stand¬ 
point;  the  Americans  could  not  bring 
tanks  onto  the  bridge  for  fully  8  hours 
thereafter. 

Following  some  argument  among 
the  German  c'ommanders,  it  was  de¬ 
cided  to  blow  up  the  bridge  shortly 
;ifter  3  p.m.  At  3:12  p.m.,  the  electric 
circuit  was  tested  and  eyerything 
seemed  to  he  in  order.  At  3:20  p.m.,  as 
the  first  American  infantrymen  were 


preparing  to  storm  the  bridge.  Captain 
Friesenhahn  personally  attempted  to 
operate  the  electric  ignition  switch 
that  was  to  detonate  the  charges.  He 
gasped  as  it  failed  to  work.  Quickly, 
one  of  his  sergeants  \olunteered  to 
crawl  out  and  light  the  fuse  and  cap 


attached  to  the  emergency  charge,  and  JUST  BEFORE  THE  END:  Four  hours  after  this  picture  was  taken,  the  bridge  across  the 


he  succeeded  in  doing  so.  Rhine  at  Remagen  collapsed  and  fell  into  the  river.  more  detailed  account  of  this  crucial 

f  .-I  » I  1  -  .  11  enc-ounter  with  Cennan  .\rmv  engineers  in  World  War  II  is  presented  in  Dr.  Ken  Ilechler’s 

Soon  after  3  p.m.  on  March  i,  a  tall  book,  “The  Bridge  at  Remagen.” 

Nebraskan  named  Lieutenant  Karl 


Timmermann.  company  commander  of 
the  first  infantry  unit  of  the  .American 
9th  .Armored  Di\  ision,  ordered  his  men 
to  cross  the  bridge.  The  adyance  was 
interrupted  by  a  terrific  roar  as  the 
explosi\es  on  the  bridge  were  fired, 
sending  a  cloud  of  smoke,  dust,  tim¬ 
bers.  and  girders  into  the  air.  Tlie 
bridge  seemed  to  ha\  e  been  lifted  off 
its  foundations. 

“  As  yoti  were.”  Lieutenant  Timmer¬ 
mann  ordered.  “W’e  can’t  cross  the 
bridge  now  because  it’s  just  been 
blown.”  The  men  were  stopped  for  a 
moment.  But,  miraculously,  tlie  bridge 
slowly  descended  upon  its  founda¬ 
tions.  It  was  still  standing!  .And  then 
Lieutenant  Timmermann,  acc-ompanied 
by  his  engineers,  led  the  men  across 
the  bridge  in  the  face  of  continued  at¬ 
tempts  by  the  Germans  to  blow  it  up. 

The  .American  Troops 
Storm  the  Bridge 

The  first  .American  engineers  who 
got  onto  the  bridge  — Lieutenant  Hugh 
Mott.  Sergeant  Eugene  Dorland,  and 
Sergeant  John  Reynolds  — frantically 
cut  every  demolition  wire  in  sight  and 
dumped  many  unexploded  charges 
into  the  Rhine  River.  Sergeant  Dor- 
land  hacked  away  at  the  cable-  and 
switch-box  and  finalb’  shot  them  apart 


with  a  rifle  bullet.  Meanwhile,  the 
infantry  troops  reached  the  far  shore 
and  kept  the  Germans  at  bay  until  a 
larger  force  could  gain  a  firm  foothold. 

W’hv  the  main  charge  of  explosives 
on  the  bridge  failed  to  detonate  has 
been  the  subject  of  much  investigation 
and  debate.  A’arious  German  soldiers 
and  cix  ilians  came  forward  to  claim 
they  had  sabotaged  the  cable.  But,  the 
e\  idence  indicates  they  could  scarcely 
have  cut  the  main  cable  because  it  was 
hidden  carefully  underneath  the  plank¬ 
ing  of  the  bridge.  Gaptain  Friesen¬ 
hahn  states  that  as  he  was  being 
brought  back  as  a  prisoner  b\  our 
troops,  he  obserx  ed  a  gap  in  the  steel 
pipe.  This  could  have  been  caused  bv 
a  lucky  hit  from  au  .American  shell. 
.American  artillery  had  been  forbidden 
to  fire  at  the  bridge,  but  our  tanks  were 
throwing  shells  in  that  general  direc¬ 
tion  and  such  a  lucky  hit  is  plausible. 

-After  the  capture  of  the  bridge  at 
Remagen,  Hitler  ordered  the  trial  and 
execution  of  those  officers  “respon¬ 
sible”  for  allowing  it  to  fall  intact  into 
American  hands.  Fixe  officers  were 
sentenced  to  death;  four  were  stiin- 
marily  shot  to  death  after  being  gixen 
30  minutes  to  write  to  their  families. 


The  fifth  officer,  Gaptain  Bratge,  was 
not  executed  because  the  .Americans 
liad  already  taken  him  prisoner.  Gap¬ 
tain  Bratge  is  now  fix  ing  in  Germany 
xvhere  he  teaches  school  in  a  small 
toxvn  of  250,  still  shuddering  oxer  his 
narroxv  escape.  I  am  grateful  to  him 
for  helping  to  supply  .some  of  the  de¬ 
tails  of  xvhat  happened  on  the  (ierman 
side  of  this  episode.  I  am  also  grateful 
to  the  late  C!aptain  h'riesenhahu;  he 
xvas  ac(jnitted  bv  the  Hitler  court- 
martial,  but  died  last  year  in  (ierm;my. 

Destiny 

Through  the  Hand  of  G(k1 

Perhaps  it  xvas  the  insufficient  poxver 
of  the  CJerman  explosixes  that  saxed 
the  Remagen  Bridge,  or  a  lucky  hit  bv 
a  tank  shell,  or  a  .series  of  incidents 
that  c'ontributed  to  the  delay.  But  the 
onru.shing  American  infantrymen  and 
engineers  xx  ho  seized  the  initiatix  e  on 
the  spot  probably  had  more  to  do  xvith 
the  Remagen  x  ictorv  than  anx  thing 
else.  The  x  erv  thorough  Ciermans  had 
a  plan  that  had  been  carefully  de¬ 
veloped,  tested,  and  retested,  and 
xxhich  seemed  infallible.  But,  destiny, 
through  the  hand  of  ('.od,  did  not  al- 
loxv  it  to  xvork. 
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PORTABLE  PLANT  CRUSHES  LIMESTONE  IN 
SIX  KANSAS  (QUARRIES 

(Continued  from  page  76) 


Six  Active  Quarries 

Stark  has  nine  (juarries,  hut  at  pres¬ 
ent  onlv  six  of  them  are  active.  In 
addition  to  the  Girard  Quarrx’,  the 
others  — each  named  for  the  nearest 
town— are:  Farlingtcn,  in  Crawford 
C'ountv.  2.50  ft.  wide  and  l.tKM)  ft.  long, 
witli  an  o\erl)nrden  of  2  to  3  ft.;  Par¬ 
sons,  in  Labette  County,  .5(X)  ft.  wide 
and  l.iMK)  ft.  long,  with  an  overburden 
of  about  7  ft;  Sherman  CiK,  in  Chero- 
kw  Ca)nntv,  350  ft.  wide  and  9(K)  ft. 
long,  with  an  o\»‘rhurden  of  4  to  5  ft.; 
Mound  \  allev.  in  Labette  C'oimty.  400 
tt.  wide  and  L(K)0  ft.  hmg.  with  an 
o\erburden  of  4  to  5  ft.;  Englexale.  in 
Ca  awford  Ca)nntv,  '3.50  ft.  wide  and  S(X) 
ft.  long,  with  an  oxerbnrden  of  5  ft. 

The  limestone  seam  in  the  .sexeral 
(juarries  varies  from  \erv  thin  at  Par¬ 
sons  to  an  a\  erage  of  about  15  ft.  The 
Parsons  pit,  the  sec-ond  one  in  that  area, 
will  be  depleted  in  about  three  years. 
Ilowexer.  the  other  (juarries  ha\e  an 
almost  unlimited  reserve  cf  li  nestone. 

Stark  and  his  engineers  are  c-on- 
stantlv  j)ros[>ecting  for  new  beds  of 
stone,  lie  leases  the  land  and  pays  the 
owner  a  jier-ton  rovaltv.  He  hires  con¬ 
tract  truckers  to  deli\  er  r(Kk  to  his  cus¬ 
tomers,  which  includes  sjireading  the 
lime  in  the  fields  of  farmers.  However, 
if  a  c-ontractor  or  farmer  j^refers  haul¬ 
ing  the  material  he  buvs  from  Stark, 
tliat  is  done. 

Moving  the  Portable  Plant 

The  bla.sting  and  crushing  ojaer- 
ations  jjnKtH'd  at  a  (juarrv  until  there 
are  sufficient  stockjiiles  of  all  jiroducts 
to  ser\e  the  trade  for  a  reasonable 
time.  U’hen  that  (jiiarrv  is  stockjailed, 
the  big  move  comes.  The  decision  on 
where  to  move  next  is  made  on  the 
basis  of  need  in  the  \icinities  of  the 
various  jaroperties. 

.Although  some  of  the  (juarries  are 
as  far  as  60  miles  apart,  the  disman¬ 
tling,  loading,  mox  ing,  and  resetting  of 
jilant  e(jnijmient  for  work  requires  a 
remarkably  short  time— from  two  to 
six  davs,  depending  on  the  distance  of 
the  move.  W'hen  Stark  is  ready  to 
mox  e,  he  obtains  permis.sion  from  state 
officials,  who  designate  the  route  the 
equijnnent  is  to  take. 


.Much  of  the  machinery,  exen  some 
sections  of  the  crushing  jxlant.  rolls  on 
its  own  whet'ls  in  the  moxe,  xvhile 
other  .sections  are  jacked  nj>  and 
loaded  on  trucks.  .Actually,  the  trucks 
are  backed  under  the  jacked-uj)  tHjuiji- 
ment.  Dozers,  shox  els,  and  other  ma¬ 
chines  are  hauled  on  Fruehauf  trailers. 

It  is  seldom  that  all  the  e(juij)ment 
is  readied,  lined  iij>,  and  moxed  in  a 
single  conxoy,  for  that  xvould  jam  a 
long  section  of  highxx’ay.  So  some  of 
it  may  be  inox  tHl  one  day  and  the  rest 
the  next  day.  The  mox  ing  and  reset¬ 
ting  is  ea.sy  because  it  has  been  done 
often,  exery  man  knows  his  job,  and 
there’s  a  sjiecific  jilac-e  for  exery  jiiece 
of  e(jnij)ment.  The  reas.sembling  of  the 
jilant  re(juire.s  xery  little  time. 

-About  the  only  e(jnij>ment  left  at  a 
freshly  shK'kjiiled  (jiiarry  are  the  scales 
and  loaders.  Stark  has  fix  e  Hough  Pay- 
loaders  and  one  Shaxxnee  loader 
mounted  on  an  International  tractor. 
At  times,  xvhen  there  are  large  (juan- 
tities  of  stone  to  he  loaded  from  the 
stockjiiles,  one  of  the  big  shoxels  is 
transjjorted  to  the  job. 

Ojjcrating  Personnel 

Cieorge  .Nettels  is  sujierintendent  of 
ojierations  in  this  jirogrt^sixe  organ¬ 


ization,  a.ssisted  by  Jack  Scullen  and 
Ct*orge  A’ogel,  foremen,  and  John 
O'Rourke,  works  engineer.  Other  em- 
jiloves  include  txx’o  drillers,  one  jioxyer 
shoxel  ojwrator,  one  dozer  operator, 
six  truckers,  txvo  men  on  the  jaw 
crusher,  sexeral  jilant  men,  one  man 
on  the  scale,  and  one  man  in  the  field 
laboratory. 

The  xvork  cycle  is  on  a  10-hour-a-day 
shift,  six  days  a  xxeek.  The  emjiloyes 
lixe  in  nearby  toxxns  and  are  home 
every  night. 

John  Stark’s  first  e.xjjerience  in  (juar- 
rx'ing  rock  xyas  in  loxya  and  he  re¬ 
mained  there  until  193^3,  xvhen  he 
moved  to  .Minne.sota.  Later,  he  set  ujj 
crushing  e(jnijmient  and  jiroduced 
highxvax’  stone  in  eastern  Texas.  He 
mox-ed  from  there  to  Illinois,  then  into 
xxestern  .\Iis.souri,  to  Kentuckv,  and 
finally,  to  Girard,  Kansas.  He  had  in 
mind  the  jiroduction  of  agricultural 
lime  for  a  fexx-  years  and  then  to  mox  e 
on.  But.  the  business  in  Kansas  be¬ 
came  permanent  and  has  been  ex¬ 
panded  through  the  years  to  its  pres¬ 
ent  size. 

Stark  and  his  xvife  — an  equal  jiart- 
ner  in  the  business  — live  in  an  attrac¬ 
tive  .section  of  Girard,  a  toxvn  of  about 
2,.500  jWjnilation.  He  maintains  an  of¬ 
fice*  doxx’iitoxxn  but  is  .seldom  there. 
He’s  usually  at  one  of  the  (juarries  or 
out  looking  for  more  customers  or  nexv 
limestone  dejiosits. 


EXPLOSIVES  USERS  —  If  you  are  experiencing  or  anticipate  legal  or  public 
relations  problems  arising  from  blasting  effects— 

Send  for  Our  BROCHURE  Describing  Our  Services 

(frit*  Schedulu  Xccompanias  Brothura) 

Seismograph  Protection  —  Preblast  and  Postblast  Property  Inspections 
Condition  Surveys  and  Appraisals  —  Electrical  Resistivity  Surveys 
Vibra-Log  Service  —  Seismograph  Rentals  and  Sates 

THE  VIBRATION  ENOINEERINO COMPANY 

407  Hazleton  Na^iorrol  Bank  Bldg.  •  Phone:  Gladstone  5*1961  Hazleton,  Po. 


Pittsburgh  Area  Office 
Philip  R.  Berger,  Mgr. 

Bradford  Road 
Bradfordwoods,  Pa. 
Phone:  WEstmore  5-1655 


B.  F.  HovYell,  Jr.,  Ph.D.,  P.E. 
Chief  Seismologist 


Affiliated  with 

Frank  Neumann,  Seismologist 
4546  45th  Ave.,  N.E. 
Seattle  5,  Wash. 

Phone:  Lakeview  4-0028 
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If  You  Use  Blasting  Caps 


TOUGH,  HIGH  DIELECTRIC  INSULATION 

—Leg  wires  of  Hercules  caps  are  coated 
with  plastic  insulation  for  outstanding 
toughness,  resistance  to  abrasion,  su¬ 
perior  dielectric  qualities. 

SECURELY  ANCHORED  — A  cast  sulfur 
plug  in  the  upper  part  of  shell  anchors 
entire  firing  mechanism  in  place. 

WATERTIGHT  WATERPROOFING-A 

special  Hercules  waterproofing  formu¬ 
lation  minimizes  the  possibility  of 
moisture  or  dampness  penetration. 

DOUBLE-PACKED  WALLOP-Bridge 

/wire  extends  into  the  priming  charge 
land  makes  positive  contact  to  give 
’rapid  ignition. 


BLASTING  CAPS 

Partners  in  Dependability  with  Hercules’^  Explosives 

HERCULES  POWDER  COMPANY 

Explosireg  Departminl:  900  Market  Street,  Wilmington  99,  Ihlaieare 
Birmingham,  Chicago,  Duluth,  Hazleton,  Joplin,  Los  Angeles, 

New  York,  Pittsburgh,  Salt  Lake  City,  San  Francisco 
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Just  Published! 


VIBRATION  EFFECTS 


STRUCTURES  •  WELLS 


HAROLD  H.  WHITE 

CONSULTING  ENGINEER 

2831  EAST  14TH  STREET 
JOPUN,  MISSOURI 

Seismograph  *  Accelerograph  *  Electronic  Comparascope 
Micro  Barograph  Surveys 

Investigation  of  Explosions  and  Explosives  Accidents 


ACS  Monograph  No.  1 39 


by  MELVIN  A.  COOK 

Professor  of  Metallurgy 

Director,  Explosives  Research  Group 

University  of  Utah 

1958,  470  poget 
prefuMly  iHu*tr<rt»d 
7"  X  10",  $22.50 


.\n  outstanding  new  monograph  that  will  be 
uni\  ersally  acx-lainied  as  a  classic  in  its  field! 
It  thoroiighb-  describes  detonation  processes 
and  related  phenomena  with  theoretical  in¬ 
terpretations  and  copious  illustrations,  and 
includes  a  \  ast  amount  of  re.search,  some  of 
which  has  never  before  been  published. 
Initiation,  wave  structure,  propagation,  the 
nature  and  rates  of  chemical  reactions  of 
detonations,  ionization,  radiations,  shock  and 
blast  waves,  and  damage  resulting  from  det¬ 
onation  —  all  these  are  critically  discussed 
and  es  aluated. 

The  lHM)k  also  presents  fundamental  prin¬ 
ciples  and  pertinent  facts  for  technological 
applications  including  commercial  blasting, 
demolition,  shaped  charges,  fast  particles, 
shock  and  blast  wase  propagation,  impact 
loading,  strength,  penetration,  and  conditions 
for  explosion  of  materiak.  Data  and  pro¬ 
cedures  for  computing  thermo-hydrodynamic 
properties  and  products  of  detonation,  and 
modern  technology  of  experimental  explo¬ 
sives  are  presented.  The  work  features  high¬ 
speed  sequence  photographs  of  various  types 
of  explosives. 

This  is  a  tnily  great  scientific  masterpiece 
which  is  a  must  for  every  technical  librarx- 
and  for  all  industries  whose  interest  e\en  re¬ 
motely  inxoKes  explosixes. 


KEYSTONE- FRANKS  ROTARY  MOLE  DRILLING  MACHINE 


Phone  for  a  Demonstration 

Telephone:  Beat  er  h'uHs.  Pa.  fi9,  or 
Kearny,  Xeie  Jersey.  2-2ti()0 

For  6  Vz"  blast  holes,  our  experience  indi¬ 
cates  that  we  can  drill  them  faster  and  at 
a  lower  cost  because  we  have  combined 
the  best  in  applied  drilling  engineering. 


GARONCt  OCNVEI 
COmRanv 


MOLE 

DRIL 


•  Gardner  Denver  AM6  Mole  Oril 

•  Timken  GVa"  carbide  insert  bits 

•  International  Harvester  Truck 

•  Cummins  Diesel  Engine 

•  Gardner-Denver  WBJ  Compressor, 
600  CFM  at  100  PSI 

•  Keystone  Franks  Rotary  Mole 
Orillins  Machine 


While  we  DEMONSTRATE  what 
we  can  do,  we  cut  your  drilling 
costs  at  the  same  time. 

Phone  or  write  us  for  a  DEM¬ 
ONSTRATION  on  your  quarry, 
mine,  road  or  construction  job. 


Timken 
threaded 
carbide 
insert  rock  bit 


Examine  It  Free  for  10  Days 

Mail  This  Coupon 


REINHOLO  PUBLISHING  CORPORATION 
Dept.  M-273,  430  Park  Avenue 
New  York  22,  N.  Y. 


Please  send  me  a  copy  of  THE  SCIENCE  OF  HIGH 
EXPLOSIVES  for  Free  Examination.  After  10  days, 
I  will  send  you  $22.50  plus  shipping  costs  or  I 
will  return  the  book  and  owe  nothing. 


NAME 


ADDRESS 


CITY  AND  ZONE 


STATE 


SAVE  MONEYI  Enclose  $22.50  with  order  and  Rein¬ 
hold  pays  all  shipping  costs.  Some  return  privilege. 
Please  add  3%  sales  tax  on  N.Y.C.  orders.  DO  NOT 
ENCLOSE  CASH! 
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Experienced 

KNOW-HOW 


Results 

PAY  OFF 


llrroiiles*  Dyiiaiiiil**  uiui  Klfctrio  Klai^lin^  (laps,  plus 
<*xpt*ri<“iic*<Ml  “know-how,”  iiiailc  possilde  lh«*st*  €*xc«*lltMil 
blasting  results  in  a  traproek  quarry. 


Ilerenles  sales-eiigiin-t-rs  will  Im‘  ghni  to  assist  in  s<‘l4‘rt- 
iiig  the  right  eonihination  of  explosives  aiul  blasting 
ni(-tho«ls  to  meet  your  partienlar  n-cpiirt-iin-nts. 


% 


Birmiiighani.  (Ihieagn,  Duluth,  Hazleton, 
Joplin.  L<»s  Angeles,  New  Y  ork, 
Pittshiirgli.  Salt  I.ake  Citj’,  San  Franciseo 


HERCULES  POWDER  COMPANY 


Explosives  Department.  If  ilmin^ton  W,  Man  arc 


EXPLOSIVES 
RESEARCH 
PAYS  OFF 


% 


riie  con^^lriii'tion  ol  modern  hijrhwav!;  utilize;?  many  and  varied 
engineering  skills  and  teclini(jues.  One  of  these  skills,  the  use  of 
specialized  explosives  and  blasting  methods,  helps  to  speed  comple¬ 
tion  of  these  arteries  so  important  to  our  economic  develo|)ment. 

The  efficient  use  of  industrial  explosives  levels  hills,  fdls 
valleys,  drives  tunnels,  and  straightens  rights-of-way  to  make  the 
highways  of  tomorrow  wider  and  safer. 

Hercules  has  pioneered  in  the  development  of  improved  explo¬ 
sives  and  blasting  techniques  for  more  than  K)  years.  \\  hatever 
your  blasting  problem  may  be,  Hercules  has  the  right  exjdosives 
and  technical  representatives  to  help  you  do  the  job  quickly, 
efficiently,  economicallv.  edl  welcome  an  opportunity  to  con¬ 
sult  with  vou. 


HERCULES  POWDER  COMPANY 


Explosives  Department,  990  King  Street, 
Branch  Offices:  Birmingham,  Ala.;  Chicago,  III.; 
Joplin,  Mo.;  Los  Angeles,  Calif.;  New  York,  \. 
Cit>',  Utah;  San  Francisco,  Calif. 


,  Wilmington  99,  Del. 

Duluth,  Minn.;  Hazleton,  Pa.; 
Y.;  Pittsburgh,  Pa.;  Salt  Lake 


HERCULES 
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NEW  TRUCK-MOUNTED  DRILLMASTER 


Speeds  Contract  Drilling  two  ways 


and  On  The  Highway 

This  improved  “TRUCM”  mounting  features  a  com¬ 
pletely  new  mobile  unit  especially  designed  to  1-R 
heavy-duty  specifications  by  Crane  Carrier  Corp.  — 
leading  maker  of  specialized  carriers.  It  can  go  any¬ 
where  at  sustained  highway  speeds  —  meets  legal  re¬ 
quirements  in  all  48  States. 

Here  are  the  specifications,  on  the  road  ready  to  £0: 

Length  ..  34' 11"  Weight  . 34,0001b. 

Height  ...12'  6"  Wheel  Base . 175" 

Width  ...  8'  Compressor  Fuel  Capacity  .200 gal. 
Ask  your  Ingersoll-Rand  representative  for 
complete  information  on  this  new  truck- 
mounted  Drillmaster— the  most  rugged  and  |W 
roadahle  unit  you’ve  ever  seen.  * 


The  new  truck-mounted  Drillmaster  gives  you  the 
proved  performance  and  versatility  that  have  made 
contract  drillers  acclaim  it  as  the  most  productive 
blast-hole  unit  ever  developed. 

You  can  set  up  and  be  ready  to  drill  in  a  matter 
of  minutes.  Tower  is  raised  and  leveled  effortlessly 
by  hydraulic  power.  With  the  1-R  revolutionary  down- 
the-hole  drill  you  can  drill  from  70'  up  to  350'  or 
more  of  4%"  to  614"  blast  holes  per  shift.  And  for 
soft  non-abrasive  over-burden  and  bed  rock,  use  it  as 
a  heavy-duty  rotary  drill. 

New  “beefed-up”  mounting  means  higher  perform¬ 
ance  than  ever  before  obtainable  in  a  truck  unit.  Air 
power  for  all  drilling  functions  is  provided  by  a  600- 
cfm  Gyro-Flo  rotary  compressor  —  known  the  world 
over  for  smooth-running  performance,  year-round 
dependability  and  exceptional  freedom  from  main¬ 
tenance  and  attention. 


Inger^oll-Rand 

5-735  11  Broadway,  New  York  4,  N.Y. 


Broadway, 


A  CONSTANT  STANDARD  OF  QUALITY  IN  EVERYTHING  YOU  NEED  FOR  DRILLING  ROCK 


THUNDflSTORM^ 


Knot  shown  is  the  clove  hitch,  made  in  Plain 
or  Reinforced  Primacord  and  drown  tightly 
around  the  Plastic  Reinforced  Primacord. 


PlastK  Reinforced  Primacord  Branch  line, 
recommended  for  entremely  deep  holes  — 
oho  river  crossings  and  other  wet  conditions. 
Covered  with  a  tough  plastic  material  —  water¬ 
proof  and  resistont  to  ocids  commonly  encoun¬ 
tered.  Tensile  strength  275  lbs.  lOOO-ft  spool 
weighs  22  lbs. 


Why  worry  about  stray  electrical  currents  when  you  can  hook-up  and 
detonate  with  Primacord?  It  acts  as  the  detonating  agent  throughout 
the  entire  column  of  explosives,  or  furnishes  initiation  to  primers 
of  blasting  agents.  This  means  safer,  easier,  quicker  loading.  It 
connects  all  holes.  This  means  that  you  can  plan  your  shots  to  obtain 
better  fragmentation. 


When  your  blast  is  loaded  and  hooked  up,  it  cannot  be  set  off  by 
normal  vibration  or  friction,  ordinary  impact  or  sparks,  or  stray 
electrical  currents.  Even  a  direct  hit  by  lightning  failed  to  detonate 
it.  Primacord  must  be  detonated  with  fuse  and  cap  or  electric 
blasting  cap. 


For  further  information  see  your  explosives  supplier  or  write  to 


THE  ENSIGN-BICKFORD  COMPANY 

Simsbury,  Connecticut  •  Since  1836 

Primacord*  and  Detacord*  Detonating  Fuse,  Safety  Fuse,  Jgnitacord^ 
Quarrycord*’ ,  Pyrotechnical  Devices  and  Blasting  Accessories 


Hook-up  and  detonate  with 


and  guard  against  CuttShf  hazards 


Reinforced  Primacord  Trunk  Line  —  olio  recommended 
for  deep  holes  where  normal  strength  and  resistance 
to  abrasion  and  cutting  are  needed.  Textile  reinforced 
(yellow  with  red  thread),  tough,  resilient,  flexible. 
Tensile  strength  160  lbs.  lOOO-ft.  spool  weighs  19  lbs. 


